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(54) Optical transmission system 

(57) An optical transmission system includes an 
optical path cross-connect device and an electrical 
cross-connect device connected by a plurality of work- 
ing and standby input/output interface links. Optical sig- 
nals In the working arvl starKfby systems are entered 
from the optical path cross-connect device Into the elec- 
trical cross-connect device via the working and standby 
interface links, respectively, and switching of working 
and standby transmission lines Is performed electrically 
by the electrical cross-connect device without momen- 
tary disconnect. 
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Description 

BACKGROUND OF THE INVENTION 

This Invention relates to an optical transmission 5 
system comprising an optical path cross-connect device 
(OPXC) and an electrical cross-connect device (EXC). 
More particularly, the invention relates to an optical 
transmission system in which transmission lines can be 
switched without momentary disconnect. 10 

Transmission systems using optical technology are 
expected to find use in the future as broad-band trans- 
mission systems as information is dealt with more rap- 
idly and in greater quantities. 

Fig. 46 is a diagram for describing an optical net- is 
work, and Fig. 47 is a diagram showing the connections 
between an optical path cross-connect device (OPXC) 
and an electrical cross-connect device (EXC). The net- 
work includes optical path cross-connect devices 
(OPXC) 51 , optical transmission lines 52 which transmit 20 
optical signals of wavelength >o> electrical cross-con- 
nect devices (EXC) 53, switches (SW) 54 and transmis- 
sion lines 55 which transmit electrical or optical signals. 
Each optical path cross-connect device 51 accommo- 
dates a plurality of working optical transmission lines 2s 
(k1), a plurality of standby optical transmission lines (k2) 
arKi a plurality of interface links (k3) which interface the 
electrical cross-connect device 53. The electrical cross- 
connect devices 53 and switches 54 perform switching 
in units of virtual paths VP and virtual channels VC, 30 
resp ctively 

Each optical cross-connect device 51 usually out- 
puts optical signals upon switching over the outgoing 
lines of the optical signals that have entered from the 
optical transmission lines and interface links and 35 
branches optical transmission signals, which are 
addressed to its own node, to the electrical aoss-con- 
nect device 53. 

In such an optical network, there is a requirement 
for a function in which the path is switched over to the 40 
standby system in response to a transmission line fault 
after which the path is switched back to the working sys- 
tem, without momentary disconnect, in response to fault 
recovery, and for a function in which the wor"king path is 
switched over, without momentary disconnect, in 45 
dependence upon traffic. Further, this function for unin- 
terrupted switching of transmission lines is required 
from the viewpoint of network maintenance and opera- 
tional administration. The function for switching trans- 
mission lines without momentary disconnect has so 
already been Implemented in electrical cross-connect 
devices. Naturally, it is necessary to so arrange it that 
transmission lines can be swvitched without nfK)mentary 
disconnect, in the same manner as in electrical cross- 
connect devices, also in optical cross-connect devices ss 
which perform network routing of optical signals from 
the electrical cross-connect devices. 

Fig. 48 is a diagram showing the architecture of a 
conventional optical path cross-connect device which 
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takes into account tiie switching of transmission lines 
without momentary disconnect in an optical path. 
Shown in Fig. 48 are the optical path cross-connect 
device (OPXC) 51 and the electrical cross-connect 
device (EC) 53. The optical cross-connect device 51 
accommodates working optical transmission lines 52at . 
5282 standby optical transmission lines 52bi, 52t>2, 
as well as working interface links 55, 56 for interfacing 
tiie electrical cross-connect device 53. The optical path 
cross-connect device 51 has an optical space switch 
51a and a number of optical phase adjusting buffers 
51b. The electrical cross-connect device 53 has an 
electro-optic converting function for converting an elec- 
tric signal to an optical signal and seriding the optical 
signal to the working interface link 55, and an opto-elec- 
tric converting function for converting an optical signal, 
which enters from the optical path cross-connect device 
51 via the interface link 56, to an electric signal and 
entering the electric signal into an ATM switch (not 
shown). 

Rg. 49 is a diagram for describing the operation of 
ti^nsmission line switching witiiout momentary discon- 
nect according to the prior art. Fig. 49 illustrates a case 
where two units OA1 and OA2 having the architecture 
illustrated in Fig. 48 are provided and transmit data to 
each otiier. The first unit OA1 . which comprises an elec- 
trical cross-connect device EXC1 and an optical path 
cross-connect device OPXC1, and the second unit 
OA2, which comprises an electrical cross-connect 
device EXC2 and an optical path cross-connect device 
OPXC2, are interconnected by a working optical trans- 
mission line 52a and a standby optical transmission line 
52b. 

Each of the optical path cross-connect devices 
OPXC1, OPXC2 routes an optical signal that has 
entered from an optical taransmission line to a desired 
output transmission line or to the electrical cross-con- 
nect devices EXC1, EXC2 arxJ routes an optical signal 
from the electrical cross-connect devices EXC1, EXC2 
to a desired output transmission line. For example, an 
input signal that has entered from the electrical cross- 
connect device EXC1 of the first unit OA1 via the input 
interface link 55 is branched in two directions by tiie 
optical path cross-connect device OPXC1 and output- 
ted to the working optical transmission line 52a and 
standby optical transmission line 52b to reach the sec- 
ond unit OA2. The optical patii cross-connect device 
OPXC2 of the secorxj unit OA2 routes the optical signal 
that has entered from the working optical transmission 
line 52a to the output interface link 56 leading to the 
electrical cross-connect device EXC2. Thus, the optical 
signal from the electrical cross-connect device EXC1 of 
the first unit OA1 is transmitted to the electrical cross- 
connect device EXC2 of the second unit OA2. 

If a signal flowing on the working transmission line 
52a is switched over to the standby transmission line 
52b under these conditions, the optical path cross-con- 
nect device OPXC2 implements the working/standby 
changeover and routes the optical signal that has 
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entered from the standby optical transmission line 52b 
to the output interface link 52b leading to the electrical 
cross-connect device EXC2. As a result the svvitching 
of the transmission lines is performed without a momen- 
tary disconnect and the signal from the electrical cross- 
connect device EXC1 is transmitted to the electrical 
cross-connect device EXC2 without interruption. 

It is necessary that the optical path length between 
the two systems before switching between work- 
ing/standby be made equal to the optical path length 
between the two systems after switching between work- 
ing/standby. To achie\^e this, the practice in the prior art 
is to adjust phase by the optical phase adjusting buffers 
51b, which are provided in the optical path aoss-con- 
nect device 0PXC2, in such a manner that the optical 
paths are equalized, and switch between work- 
ing/standby synchronously in the sending and receiving 
optical path cross-connect devices. With this conven- 
tional method of switch optical transmission lines, how- 
ever, it is required that the optical signal phase 
adjustment be performed in the form of light in the opti- 
cal path cross-connect device OPXC. and that the opti- 
cal signal be switched at a high speed but to a degree 
that will not produce a bit error. This is very difficult to 
realize. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to 
provide an optical transmission system in which it is 
unnecessary to adjust phase in the form of an optical 
signal. 

A second object of the present invention is to pro- 
vide an optical transmission system in which optical 
transmission lines can be switched by electrical 
processing without causing nrK>mentary disconnect. 

A third object of the present invention is to provide 
an optical transmission system in which an optical 
phase adjustment arxJ a high-speed switching operation 
are unnecessary in an opticeU path cross-connect 
device in order to achieve switching of optical transmis- 
sion lines without momentary disconnect. 

A fourth object of the present invention is to prcvkJe 
an optical transmission system in which switching of 
optical transmission lines without momentary discon- 
nect can be performed by electrical processing, and in 
which an optical phase adjustment and a high-speed 
switching operation are unnecessary in an optical path 
cross-connect device, even in a case where wave- 
length-division multiplexing is performed on the trans- 
mission lines. 

In accordance with the present invention, the first 
through third objects are attained by providing an optical 
transmission system comprising an optical path aoss- 
connect device (OPXC) and an electrical cross-connect 
device (EXC), wherein the optical path a'oss<x>nnect 
device and the electrical cross-connect device are con- 
nected by a plurality of input/output interface links in 
working and standby systems, optical signals of respec- 



tive working and standby systems are entered from the 
optical path cross-connect device to the electrical cross- 
connect devk;e via output interface links of the working 
and standby systenrYs. uninterrupted switching of work- 

5 ing and standby transmission lines is performed electri- 
cally after these optteal signals are converted to the 
electric signals by tfie electriceJ aoss-connect device, 
optical signals of working and standby systems are gen- 
erated using the electric signals obtained by mitching, 

10 and the optical signals of the working and standby sys- 
tems are entered into the optical path cross-connect 
device via input interface links of the working and 
starxlby systems. In this case, the electrical cross-con- 
nect device conprises (1) an opto-electric converter for 

IS converting an optical signal of a working system and an 
optical signal of a standby system that enter via the out- 
put interface links to respective electric signals, (2) a 
phase adjuster for performing a phase adjustment elec- 
trically in such a manner that signal phases of the work- 

20 ing and standby systems will coincide, (3) switching 
means for selecting one of a phase-adjusted signal of 
the working system and a phase-adjusted signal of the 
standby system arKi switching between the working sys- 
tem and the standby system, and (4) means for gener- 

25 ating optical signals of the working and standby 
systems from the signal that has been selected. 

In accordance with the present invention, the fourth 
object is attained by providing an optical transmission 
system comprising an optical path cross-connect device 

30 arxJ an electrical cross-connect device, wherein (1) the 
optical path cross-connect device includes a demulti- 
plexer for demultiplexing wavelength-division-mufti- 
plexed optical signals into optical signals of individual 
wavelengths, an optical space switch for switching each 

35 of tiie demultiplexed optical signals to a prescribed out- 
going line or link, arxJ a multiplexer for multiplexing opti- 
cal signals directed to the same outgoing line or link, 
and the optical path cross-connect device further 
accommodates a plurality of working optical transmis- 

40 sion lines for input/output of wavelength-division-mutti- 
plexed optical signals, a plurality of standby optical 
transmission lines for input/output of wavelength-divi- 
sion-multiplexed optical signals, a plurality of working 
interface links provided between the optical path cross- 

45 connect device and the electrical cross-connect device 
for input/output of wavelength-division-multiplexed opti- 
cal signals, and a plurality of standby interface links pro- 
vided between the optical path cross-connect device 
and the electrical cross-connect device for input/output 

50 of wavelengtii-division-multiplexed optical signals, and 
(2) the electrical cross-connect device includes a 
demultiplexer for demultiplexing wavelength-division- 
multiplexed optical signalsrwhrich enter from the optk^al 
path cross-connect device via the working and standby 

55 output interface links, into optical signals of individual 
wavelengths, a plurality of opto-electric converters for 
converting each optical signal to an electric signal, a 
phase adjuster for performing a phase adjustment elec- 
trically in such a manner that -signal phases of the work- 
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ing and standby systems will coincide, working/standby 
switching means for selecting one of phase-adjusted 
signals of the working system and phase-adjusted sig- 
nals of the standby system and switching between the 
working system and the standby system, a plurality of 
electro-optic converters for converting the electric sig- 
nals ot>tained by switching to optical signals, and a mul- 
tiplexer for multiplexing the optical signals outputted by 
each of the electro-optic converters and sending them 
to the optical path cross-connect device via the working 
and standby input interface links. 

Other features and advantages of the present 
invention will be apparent from the following description 
taken in conjunction with the accompanying drawings. 

PRIgF DESCRIPTION QF THE PRAWING S 

Fig. 1 is a diagram for describing an overview of a 

first aspect of the invention: 

Fig. 2 is a diagram for describing an overview of a 

second aspect of the invention; 

Fig. 3 is a diagram showing the configuration of an 

optical transmission system according to a first 

embodiment of the preserrt invention; 

Fig. 4 is a diagram showing the architecture of a 1 :1 

optical space switch; 

Fig. 5 is a diagram showing the architecture of a 
1 :N optical space switch; 

Fig. 6 is a diagram showing the architecture of an 

electrical cross-connect device; 

Fig. 7 is a diagram for describing a transmission line 

switching operation in the first embodiment of the 

invention; 

Fig. 8 is a diagram showing the configuration of an 
ptical transmission system according to a first 
modification; 

Fig. 9 is a diagram for describing the operation of 
the first modification; 

Fig. 10 is a diagram showing the configuration of an 

optical transmission system according to a second 

embodiment of the present invention; 

Fig. 11 is a diagram showing the architecture of an 

electrical cross-connect device; 

Fig. 12 is a diagram for describing the operation of 

a second modification; 

Fig. 13 is a diagram showing the configuration of an 
optical transmission system according to a third 
modification; 

Fig. 14 is a diagram for descrit)ing the operation of 
a third modification; 

Fig. 15 is a diagram showing the configuration of an 
optical transmission system according to a fourth 
modification; 

Fig. 16 is a diagram for describing the operation of 
a fourth nrKxjification; 

Fig. 1 7 is a diagram showing a first wavelength-divi- 
sion-multiplexed optical transmission system 
according to the present invention; 
Fig. 18 is a diagram showing a second wavelength 
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division-multiplexed optical transmission system 
according to the present invention; 
Rg. 19 is a diagram showing a third wavelength 
division-multiplexed optical transmission system 
5 according to the present invention; 

Rg. 20 is a diagram showing a fourth wavelength 
division-multiplexed optical transmission system 
according to the present invention; 
Rg. 21 is a diagram showing a fifth wavelength divi- 
10 sion-multiplexed optical transmission system 
according to the present invention; 
Rg. 22 Is a diagram showing the architecture of an 
optical path cross-connect device (WP-type) 
Rg. 23 is a diagram showing the eu^chitecture of an 
IS optical path cross-connect device (VWP-type); 

Rgs. 24A, 24B, 240 and 24D are diagrams show- 
ing the architecture on the transmitting side of an 
electrical cross-connect device; 
Rgs. 25A and 25B are diagrams showing the archi- 
ve? tecture on the receiving side of an electrical cross- 
connect device; 

Rg. 26 is a table for describing the relationship 
among types A - E of an optical path cross-connect 
device OPXG, optical paths (WP-type/VWP-type) 
25 and transmission types S-1 - S-4 arxJ reception 
types R-1 - R-2 in an electrical cross-connect 
device EXC; 

Rg. 27 is a diagram for describing the operation of 
a first wavelength-division-multiplexed optical trans- 
30 mission system; 

Rg. 28 is a diagram for describing the operation of 
a second wavelength-division-muttiplexed optical 
transmission system; 

Rg. 29 is a diagram for describing the operation of 
35 a third wavelength-division-multiplexed optical 
transmission system; 

Rg. 30 is a diagram for describing the operation of 
a fourth wavelength-division-multiplexed optical 
transmission system; 
40 Rg. 31 is a diagram for describing the operation of 
a fifth wavelength-division-multiplexed optical trans- 
mission system; 

Rg. 32 is a diagram for describing the operation of 
a sixth wavelength-division-multiplexed optical 
45 transmission system; 

Rg. 33 is a diagram for describing the operation of 
a seventii wavelength-division-multiplexed optical 
transmission system: 

Rg. 34 is a diagram for describing the operation of 
so a eighth wavelengtii-division-multiplexed optical 
transmission system; 

Rg. 35 is a diagram for describing the operation of 
a ninth wavelength-division-multiplexed optical 
transmission system; 
55 Rg. 36 is a diagram for describing the operation of 
a tenth wavelength-division-muttiplexed optical 
transmission system; 

Rg. 37 is a diagram for describing the operation of 
an 11th wavelength-division-multiplexed optical 



4 



BNSDOCID: <EP_0802697A2_L> 



7 



EP0 802 697A2 



8 



transmission system; 

Fig. 38 is a diagram for desaibing the operation of 
a 12th wavelength-division-multiplexed optical 
transmission system; 

Fig. 39 is an explanatory view of an optical network 5 
provided with an operation system for outputting a 
path setting signal and a path change-over signal; 
Fig. 40 shews the structure of a first example of an 
optical transmission system provided with a monitor 
for monitoring the optical transmission line so as to io 
detect trout>le and a circuit for controlling a switch 
and a selector; 

Figs. 41 A, 41 B and 41 C explain the path change- 
over operation at the time of trout^le in the optical 
transmission system shown in Fig. 40; is 
Figs. 42A. 42B and 42C explain the change-over 
operation without momentary disconnection at the 
time of inspection for maintenance in the optical 
transmission system shown in Fig. 40; 
Fig. 43 shows the structure of a second exanrpte of 20 
an optical transmission system provided with a 
monitor for monitoring the optical transmission line 
so as to detect trouk^le arxl a circuit for oontrolling a 
switch and a selector; 

Figs. 44A, 448 and 44C explain the path change- 25 
over operation at the time of trouble in the optical 
transmission system shown in Fig. 43; and 
Figs. 45A, 45B and 45C explain the change-over 
operation without momentary disconnection at the 
time of inspection for maintenance in the optical 30 
transmission system shown in Fig. 43; 
Fig. 46 is a diagram for describing an optical net- 
work; 

Fig. 47 is a diagram showing the connections 
between an OPXC and an EXC: 35 
Fig. 48 is a block diagram showing an example of 
the architecture of a conventioneil optical path 
cross-connect device; and 
Fig. 49 is a diagram for describing the operation of 
the conventional optical path cross-connect device. 40 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

(A) Overview of the invention 45 

(a) Description of overview of first aspect 

Fig. 1 is a diagram for describing an overview of a 
first aspect of the invention. Numerals 1 and 2 denote so 
optical transmission systems having respective optical 
path cross-connect devices 10 (OPXC1, 0PXC2) and 
electrical cross-connect devices 20 (EXC1, EXC2); The 
optical path cross-connect devices 10 (OPXC1, 
OPXC2) are each constituted by a 1:1 optical space ss 
switch or 1 :N optical space switch and each accommo- 
dates input and output working optical transmission 
lines 13, 15, respectively, input and output standby opti- 
cal transmission lines 14 and 16, respectively, input and 



output working interface links 21a, 22a. respectively, 
and input and output standby internee links 21b. 22b, 
respectively. 

Each of the electrical cross-connect devices 20 
(EXC1 , EXC2) has an opto-electric converter (O/E con- 
verter) ^Oa for converting optical signals that enter from 
the working and standby interface links '22a. 22b to 
respective electric signals, a phase adjuster 20b for 
detecting a difference in lag times between the two 
paths of the working and standby systems and adjusting 
the phases of the electric signals, which are outputted 
by the opto-electric converter 20a, in such a manner 
that the signal phases will coincide, a selector 20c for 
selecting the electric signal of the working system or 
standby system, an ATM switch 20d for routing an ATM 
cell, which enters from the optical path cross-connect 
device (OPXC) 10. from another electrical cross-con- 
nect device (EXC) and from a switch (SW), to a pre- 
scribed outgoing line, a distritxiting circuit ^e for 
distributing electric signals, which are transmitted to the 
optical path aoss-connect device, to the work- 
ing/standby systems, and an electro-optic converter 
(O/E converter) 20f for converting the electric signals of 
the working and standby systems to optical signals and 
outputting these optical signals to the working and 
standby interface links 21 a, 21b. 

In a case where a signal is transmitted from the 
electrical cross-connect device (EXC1) of the first opti- 
cal transmission system 1 to the electrical cross-con- 
nect device (EXC2) of the second optical transmission 
system 2, the electrical cross-connect device (EXC1) 
distributes the working/standby optk;al signals to the 
working/standby interface links 21a, 21b. the optical 
path cross-connect device OPXCI routes the optical 
signal, which has entered from the working interface link 
21a, to the working optical transmission line 31 and 
routes the optical signal, which has entered from the 
standby interface link 21b, to the standby optk:al trans- 
mission line 32. The optical path cross-connect device 
OPXC2 of the second optical transmission system 2 
routes the optical signal, which has entered from the 
working optical transmission line 31, to the working 
interface link 22a and routes the optical signal, which 
has entered from the standby optical transmission line 
32, to the standby interlace link 22b. thereby entering 
these optical signals into the electrical cross-connect 
device EXC2. The electrk^al cross-connect devrce 
EXC2 selects the signal that has entered from the work- 
ing interface link 22a and routes the signal to the 
desired outgoing line by way of the ATM switch 20d. 

If a signal flowing through the working optical trans- 
mission line 31 is switched to a signal in the standby 
system and a signal flowing through the standby <^k;al 
transmission line 32 is switched to a signal in the work- 
ing system under these conditions, then, on the basis of 
a switching command, the electrrcal cross-connect 
device EXC2 of the second optk:al transmission system 
2 selects the signal that has entered from the standby 
interface link 22b and routes this signal to a desired out- 
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going line by way of the ATM switch 20d. In this case, a 
phase adjustment is canried out in the phase adjuster 
20b in such a manner that the signal phases in the 
working and standby systems coincide at all times. As a 
result, it is possible to switch between the working and 5 
standby systems without momentary disconnect and 
without loss of cells. 

Fig. 1 is for a case in which the electrical cross-con- 
nect device EXC1 of one of the adjacent optical trans- 
mission systems transmits a signal to the electrical 10 
cross-connect device EXC2 of the other optical trans- 
mission system. However, even if the aaangement is 
one in which another optical transmission system is 
interposed between the first and secorxl optical trans- 
mission systems 1 and 2, the phase adjuster 20b of the is 
electrical cross-connect device on the signal receiving 
side always p^iorms the phase adjustment in such a 
manner that the signal phases of the working and 
standby systems will coincide. Accordingly, regardless 
of the optical transmission lines switched between work- 20 
ing and standby, the working/standby changeover can 
be performed in the manner desaibed akxive without 
momentary disconnect arrd loss of cells. 

Thus, the optical path cross-connect device 10 is 
not required to perform uninterrupted switching but 25 
need only establish working and standby paths in such 
a manner that the electrical cross-connect device 20 
can perform switching without momentary disconnect. 
As a result, it is unnecessary for the optical path cross- 
connect device to have an optical phase adjusting tunc- 30 
tion and to perform a high-speed switching operation. 

Further, if the optical path cross-connect device 10 
is constructed using an optical space switch and this 
optical switch is divided into working and standby sys- 
tans, the number of switches within the optical path ss 
cross-connect device can be reduced. 

Fig. 1 illustrates a case in which the electrical cross- . 
connect device 20 produces optical signals for the work- 
ing and standby systems of the optical path cross -con- 
nect device 10 and distributes these signals to the 4o 
working and standby interface links 21a 21b. However, 
an arrangement may be adopted in which, rather than 
the optical signals being distributed to the working and 
standby systems via the electrical cross-connect device 
1 0, the interface links are provided with optical distribu- 45 
tors or optical distribution switches (not shown) whereby 
optical signals are distributed to the working and 
standby irtterfoce links 21a, 21b. 

Alternatively, an arrangement may be adopted in 
which, rather than the optical signals being distributed so 
to the working and standby systems via the electrical 
cross-connect device 20 as shown in Fig. 1 , the optical 
path cross-connect device 10 is constructed by an opti- 
cal space switch having a distribution function so that 
optical signals which have entered from the electrical ss 
cross-connect device 20 may be routed to the working 
and standby optical transmission lines 31 . 32 simultane- 
ously by means of the distributing function of this optical 
space switch. 



(b) Description of overview of second aspect 

Rg. 2 ^ a diagram for describing an overview of a 
second aspect of the invention. Numerals 100, 200 
d^ote wavelength-division multiplexing optical trans- 
mission systems having respective optical path cross- 
connect devices 101 (OPXC1. OPXC2) and electrical 
aoss-connect devices 201 (EXC1. EXC2) and being 
interconnected by working and standby optical trans- 
mission lines 131. 132. 

Though not illustrated, each of the optical path 
cross-connect devices 101 (OPXC1, OPXC2) has a 
demultiplexer for demultiplexing wavelength-division- 
multiplexed optical signals - (ns2 in Fig. 2) into 
optical signals X^. of individual wavelengths, an opti- 
cal space switch for switching each of the demultiplexed 
optical signals to a prescribed outgoing line, a wave- 
length converter for converting the wavelengths of the 
switched optical signals to predetermined wavelengths, 
and a multiplexer for multiplexing optical signals 
directed to the same outgoing line. Furthermore, the 
optical path cross-connect device 101 accomnrxxiates a 
plurality of working optical transmission lines 130. 150 
for wavelength-division-multiplexed optical signal 
input/output. a plurality of input arKi output starxlby opti- 
cal transmission lines 140. 160 for wavelength-division- 
multiplexed optical signals, a plurality of working inter- 
face links 121a, 122a provided between the optical path 
cross-connect device and the electrical cross-connect 
device for wavelength-division-multiplexed optical signal 
input/output, and a plurality of standby interlace links 
121b, 122b provided between the optical path cross- 
connect device and the electrical cross-connect device 
for wavelength-division-multiplexed optical signal 
input^output. 

Each electrical cross-connect device 201 includes 
a demultiplexer 301 for demultiplexing wavelength-divi- 
sion-multiplexed optical signals, which enter from the 
working and standby interface links 122a. 122b, into 
optical signals of indivkJual wavelengths X-i. X2. a plural- 
ity of opto-electric converters 302 for converting each 
optical signal to an electric signal, a phase adjusting 
buffer 303 for performing a phase adjustment electri- 
cally in such a manner that signal phases of the working 
and standby systems will coincide, a selector 304 for 
switching between the signals of the working and 
standby systems, an ATM switch 305 for routing an ATM 
cell, which enters from the optical path cross-connect 
device (OPXC), from another electrical cross-connect 
device (EXC) and from a switch (SW). to a prescribed 
outgoing line, a distributing circuit 306 for distributing 
electric signals, which are transmitted to the optical path 
cross-connect device, to the working/standby systems, 
a plurality of electro-optic converters 307, of fixed output 
wavelength, for converting the electric signals of the 
working and standby systems to optical signals ~ Xg, 
and a multiplexer 308 for multiplexing the optical signals 
outputted by each of the working electro-optic convert- 
ers and the optical signals outputted by each of the 
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standby electro-optic converters and sending them to 
the working and standby interface links 121a, 121b. 
respectively. 

The optical path cross-connect device 101 per- 
forms demultiplexing, switching, wavelength conversion s 
and multiplexing. 1) routes wavelength-division-nrujtti- 
plexed optical signals that have entered from the work- 
ing optical transmission line 130 to the working optical 
transmission line 150 or working interface link 122a 
wavelength by wavelength, 2) routes wavel^gth<iivi- io 
sion-nruiltiplexed optical signals that have entered from 
the standby optical transmission line 140 to the standby 
optical transmission line 160 or standby interface link 
122b wavelength by wavelength, 3) routes wavelength- 
division-muttipteKed q^tical signals that have entered is 
from the working interlace link 121a to the working opti- 
cal transmission line 150 wavelength by wavelength, 
arid 4) routes wavelength-division-multiplexed optical 
signals that have entered from the standby interface link 
1 2 1 b to the standby optical transmission line 1 60 wave- 20 
length by wavelength. On the t>asis of a switching com- 
mand, the electrical cross-connect device 201 switches 
the working and standby transmission lines by the 
selector 304 without nfX)mentary disconnect. 

For example, in a case where wavelength-division- 2s 
multiplexed optical signals are transmitted from the 
electrical cross-connect device (EXC1) of the first opti- 
cal transmission system 100 to the electrical cross-con- 
nect device (EXC2) of the second optical transmission 
system 200. the electrical cross-connect device (EXC1 ) 30 
distributes the wavel^gth-division-multiplexed optical 
signals of tiie working and starrdby systems to the work- 
ing/standby interface links 121a, 121b, the optical path 
cross-connect device OPXC1 routes the optical signals, 
which have entered from the working interface link 35 
121a. to the working optical transmission line 131 and 
routes the optical signals, which have entered from the 
standby interface link 121b, to the standby optical trans- 
mission line 132. The optical path cross-connect device 
0PXC2 of the second optical transmission system 200 40 
routes the optical signals, which have entered from the 
working optical transmssion line 131. to the working 
interlace link 122a and routes the optical signals, which 
have entered from the standby optical transmission line 
1 32, to the standby interface link 1 22b. ther^^y entering 4S 
these optical signals into the electrical cross-connect 
device EXC2. The electrical cross-connect device 
EXC2 selects the wavelength-division-multiplexed sig- 
nals that have entered from the working interface link 
1 22a and routes the signals to the desired outgoing line so 
by way of the ATM switch 305. 

If signals flowing through the working optical trans- 
mission line 131 are switched to signals in the standby 
system and signals flowing through the standby optical 
transmission line 132 are switched to signals in the ss 
working system under these conditions, then the electri- 
cal cross-connect device EXC2 of the second optical 
transmission system 200 selects the wavelength-divi- 
sion-multiplexed signals that have entered from the 
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standby interface link 122b and routes these signals to 
a desired outgoing line by way of the ATM switch 305. in 
this case, a phase adjustment is carried out in the phase 
adjusting buffer 303 in such a manner that the signal 
phases in the working and standby systems coincide at 
all times. As a result, it is possible to switch between the 
working and standby systems without momentary dis- 
connect and without loss of cells. 

Thus, even tiiough wavetength-division-multiptexed 
optical signals are transmitted, the optical path cross- 
connect device 101 need only establish working and 
standby paths in such a manner that the electrical 
cross-connect d6vice201 can perform switching without 
momentary disconnect. As a result, it is unnecessary for 
the optical patii cross-connect device to have an optical 
phase adjusting function and to perform a high-speed 
switching operation. 

Furth^, if the optical patti cross-connect device 
101 is divided into working and standby systems, then 
tiie number of switches constructing the optical space 
switch within the optical path cross-connect device can 
be reduced. 

In Fig. 2 the optical path cross-connect device 101 
is constructed employing a VWP (virtual wavelength 
path) scheme in which wavelength conversion is per- 
formed when required. However, it is possible to adopt a 
WP (wavelength path) scheme in which the input optical 
signal is not subjected to wavelength conversion. In the 
WP scheme, the wavelength at which a transmission is 
made depends upon the status of the network at the 
particular time, and therefore it is so arranged that the 
wavelength conversion can be performed on the tians- 
mitting side of the electrical cross-connect device 201. 
To this end. the electro-optic converter 307 is con- 
structed using an electro-optic converter whose output 
wavelength is variable. 

Further, there are cases where the wavelengths of 
the optical signals in the working and standby systems 
sent from the optical path cross-connect device 101 to 
the working and staindby interface links 122a. I^b 
leading to the electrical aoss-connect device 201 differ. 
Accordingly, the standby interface link 122b is provided 
with a optical kvancher and a variable-wavelength filter, 
which extracts an optical signal of a prescribed wave- 
length from each tyanched output, instead of the demul- 
tiplexer 301. If such an arrangement is adopted, an 
optical signal on tiie standby system is converted to an 
electric signal correctiy by the opto-electric converter 
arxi blocking is prev^ed. 

Rg. 2 illustrates a case in which the electi'ical<;ross- 
connect device 201 produces wavelength-division-mul- 
tiplexed optical signals for the working ard standby sys- 
tems of the optical path cross-connect device 101 and 
distributes these signals to the working and standby 
interface links 121a, 121b. However, an arrangement 
may be adopted in which, rather than the wavetength- 
division-multiplexed optical signals being distritMJted to 
the working and standby systems via the electrical 
aoss-connect device 201. the interface links are pro- 
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vided with optical distributors or optical distribution 
switches (not shown), whereby wavelength<livision- 
muttiplexed optical signals are distributed to the working 
and standby interfece links 121a, 121b. 

Attematively, an arrangennent may be adopted in 
which, rather than the wavelength-division-nfultiplexed 
optical signals being distributed to tiie working and 
standby systenrts via the electrical cross-connect device 
201 as shown in Fig. 2, the optical path cross-connect 
device 101 is constructed by an optical space switch 
having a distribution function so that wavelength-divi- 
sion-multiplexed optical signals which have entered 
from the electrical cross-connect device 201 may be 
r uted to the working and starKiby optical transmission 
lines simultaneously by means of the distributing func- 
tion of this optical space switch. 

(B) First embodiment 

(a) Optical transmission system 

Fig. 3 is a diagram showing the configuration of an 
optical transmission system according to a first embod- 
iment of the present invention. Shown in Fig. 3 are the 
optical path cross-connect device (OPXC) 10 and the 
electrical cross-connect device (EC) 29. The optical 
path cross-connect device 10 is constituted by a 1:1 
optical space switch or 1:N optical space switch and 
accommodates input and output working optical trans- 
mission lines 13, 15, respectively, input and output 
standby optical transmission lines 14 and 16. respec- 
tively. Input and output working interface links 21a. 22a. 
respectively, and input and output standby interface 
links 21b, 22b, respectively. The wavelengths of all of 
the optical signals are A^. 

The optical path cross-connect device 10 (1) routes 
optical signals that have entered from the working opti- 
cal transmission line 13 to the working optical transmis- 
sion line 15 or working output interface link 22a, (2) 
similarly routes optical signals tiiat have entered from 
the standby optical transmission line 14 to the standby 
optical transmission line 16 or standby output interface 
link 122b wavelength by wavelength, (3) routes optical 
signals that have entered from the working interface link 
21a to ttie working output optical transmission line 15. 
and (4) routes optical signals tiiat have entered from the 
standby interface link 21b to the standby optical trans- 
mission line 16. 

(b) Optical space switch 

Fig. 4 is a diagram showing tiie architecture of a 1 :1 
optical space switch consti-ucting tiie optical patii cross- 
connect device 10. The arrangement illustrated is that 
for m inputs and m outputs (m » 4). The switch includes 
crossbar-type optical switch elements SOO - S33 in a 4 
X 4 array Each optical switch element is in the crossed 
state under ordinary conditions. If an optical patii is to 
be switched, a predetermined one of the optical switch 



elements is controlled to establish the thru state. For 
example, in a case where optical information from an 
input optical path #i is outputted from an output optical 
path^. the optical switch element Sij is controlled to 

5 establish the thru state. In the example of Fig. 4. a case 
is shown in which optical information from an input opti- 
cal path #0 is outputted from an output optical patii #2. 
The switch element S02 is controlled to establish tiie 
thru state, as indicated by the dashed line, so that the 

w optical information is outputted to the output optical path 
#2 tiirough the path indicated by the one-dot chain line. 

Rg. 5 is a diagram showing the architecture of a 
1 :N optical space switch constructing the optical path 
cross-connect device 10. The optical switch includes 

IS optical branchers 40, optical gate switches 41 and opti- 
cal multiplexers 42. Each optical brancher 40 branches 
an optical signal, whidi has entered from a correspond- 
ing input optical path (channel), in four directions so that 
the signal enters each one of the optical gate switches 

20 41 . Each optical gate switch 41 performs switch control 
so as to always output only one signal in a certain 
period of time and send the optical signal to the corre- 
sponding output optical path via the optical multiplexer 
42. 

25 

(c) Architecture of electi-ical cross-connect device 

Rg. 6 is a diagram showing the architecture of the 
electrical cross-connect device. Opto-electric convert- 
so ers (O/E converters) 20ai, 20a2 convert optical signals 
on the working and standby systems, which enter from 
tiie working and standby interface links 22a. 22b, 
respectively, to electric signals, tiie phase adjuster 20b 
detects a difference in lag times between the two patiis 
35 of the working and standby systems and adjusts the 
phases of the electric signals of the working and 
standby systems in such a manner that the signal 
phases will coincide, and the selector 20c selects the 
electric signal of the working system or standby system. 
40 The phase adjuster 20b is composed of a working 
phase shifting buffer 20b-1. a standby phase shifting 
txjffer 20b-2 and a controller 20t>-3. The controller 20b- 
3 compares tiie phases of the phase shifting buffers 
20b-1 , 20b-2, controls the readout timing of the txjffer in 
45 such a manner that the two phases will agree and 
instructs tiie selector 20c to make the switch at the 
moment the phases come into agreement. As a result, 
tiie selector 20c performs high^eed switching to such 
a degree that will not cause bit error. The ATM switch 
50 20d routes an ATM cell, which enters from the optical 
path cross-connect device (OPXC) 10, from anotiier 
electrical aoss-oonnect device (EXC) and from the 
switch (SW), to a prescribed outgoing line. The distribut- 
ing circuit 20e distributes electric signals, which are 
55 f ansmitted to the optical path cross-connect device, to 
tiie working/standby systems. Electro-optic converters 
(E/O converters) 20fi. 20f2 convert the electric signals 
of tiie working and standby systems to optical signals 
and output these optical signals to the working and 
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Standby interface links 21a. 21b. 

<d) Transmission line switching operation 

Fig. 7 is a diagram for describing a transmission line s 
switching operation in the first embodiment of the inven- 
tion. Numerals 1 and 2 denote the optical transmission 
systems having the respective optical path cross-con- 
nect devices 10 (OPXC1 . OPXC2) and electrical cross- 
connect devices 20 (EXC1, EXC2). The optical path 
cross-connect devices OPXC1. OPXC2 of the optical 
transmission systems 1 , 2 are connected by the working 
artd standby optical transmission lines 31 and 32. 

Ordinary operation 

A case will be described in which a signal is trans- 
mitted from the electrical cross-connect device (EXCI) 
of the first optical transmission system to the electrical 
cross-connect device (EXC2) of the second optical 
transmission system. It should be noted that the paths 
of the working and standby systems have already been 
estat)llshed and fixed by connection control. 

The electrical cross-connect device (EXCI) distrib- 
utes the working arKl standby optical signals to the 
working/standby interface links 21 a, 21b, and the optical 
path cross-connect device OPXC1 routes the optical 
signal that has entered from the working interlace link 
21a to the working optical transmission line 31 and 
routes the optical signal that has entered from the 
starKlby irrterface link 21b to the standby optical trans- 
mission line 32. 

The optical path cross-connect device OPXC2 of 
the second optical transmission system routes the opti- 
cal signal from the electrical cross-connect device 
EXCI that has entered from the working optical trans- 
mission line 31 to the working interface link 22a and 
routes the optical signal from the electrical aoss-oon- 
nect device EXCI that has entered from the standby 
optical transmission line 32 to the standby interface link 
22b, whereby these signals are entered into the electri- 
cal aoss-connect device EXC2. 

The electrical aoss-connect device EXC2 selects 
the working signal, which has entered from the working 
irrterface link 22a (see Fig. 6), and routes this signal to 
the desired outgoing line by the ATM switch 20d. 

Switching operation 

If a signal flowing through the working optical trans- 
mission line 31 is switched to a signal in the standby 
system and a signal flowing through the starxlby optical 
transmission line 32 is switched to a signal in the work- 
ing system under these conditions, then, on the basis of 
the switching command, the electrical cross-connect 
device EXC2 of the second optical transmission syst^ 
2 selects the standby signal that has entered from the 
standby interface link 22b and routes this signal to a 
desired outgoing line by way of the ATM switch 20d. In 



this case, a phase adjustment is carried out in the phase 
adjuster 20b in such a manner that the signal phases in 
the working and standby systems coincide at all times. 
As a result, it is possible to switch between the working 
and starxJby systems without momentary disconnect 
and without loss of cells. 

Rg. 7 is for a case in which the electrical cross-con- 
nect device EXCI of one of the adjacent optical trans- 
mission systems 1 and 2 transmits a signal to the 
electrical cross-connect device EXC2 of the other opti- 
cal transmission system. However, even if the anrange- 
ment Is one In which another optical transmission 
system is interposed between the first and second opti- 
cal transmission systems 1 and 2. the phase adjuster 
20b of the electrical cross-connect device on the signal 
receiving side always performs the phase adjustment in 
such a manner that the signal phases of the working 
and standby systems will coincide. Accordingly, regard- 
less of the optical transmission lines switched between 
working and standby, the working^ndby changeover 
can be performed in the manner described akxTve with- 
out momentary disconnect and loss of cells. 

In accordance with the first emtxxiiment. the optical 
path cross-connect devk;e 10 is not required to perform 
uninterrupted switching but need only estat}lish working 
and standby paths In such a manner that the electrical 
cross-connect device 20 can perform switching without 
momentary disconnect. As a result, it is unnecessary for 
the optical path cross-connect device to have an optical 
phase adjusting function and to perform a high-speed 
switching operation. 

(e) Modification 

(e-1) First rrKxiif nation 

Fig. 8 shows a first modification of the optical trans- 
mission system according to the present invention. Ele- 
ments in Rg. 8 identical with those shown In Fig. 3 are 
designated by like reference characters. In the optical 
transmission system shown in Rg. 8. the optical switch 
of the optical path cross-connect d6vk:e 10 is divided 
into a working optical switch 10A and a standby optk:al 
switch 10B, the working optical signal is switched to the 
optical switch 10A and the standby optical signal is 
switched to the optical switch 10B. 

TTie optical path cross-connect devk^e 10 routes an 
optical signal tiiat has entered from tiie working optical 
transmission line 13 to tiie working optical transmission 
line 15 and working interface link 22a by tiie optk;al 
switch 10A. By way of exanple. a 1:1 optk^eil space 
switch or 1 :N optical space -switch Is used as the optk^l 
switch 10A. Similarly, the optical path cross-connect 
device 10 routes an optical signal that has entered from 
the standby optical transmission line 14 to the standby 
optical transmission line 16 and stancfey interface link 
22b by the optical switch 10B. -Further, the optk^al path 
aoss-connect device 10 routes an optical -signal, which 
has entered from the working interface Iink2la, to the 
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working optical transmission line 15 by the optical 
switch 10A, and routes an optical signal, which has 
entered from the standby interface link 21b. to the 
standby optical transmission line 16 by the optical 
switch 10B. 

In accordance with the first modification, the 
number of elements in the optical switch can be 
reduced. For example, if the optical switch In the first 
embodiment illustrated in Fig. 3 has 12 irputs and 12 
outputs, the number of optical switch elements will be 
12 X 12 = 144. In the case of this nrKXIification. however, 
the number of optical switch elements required is 6 x 6 
X 2 s 72. Thus, the number of optical switch elements is 
reduced. 

Fig. 9 is a diagram for describing the operation of 
the first modification. Numerals 1 and 2 denote the opti- 
cal transmission systems having the architecture shown 
in Fig. 8. Each includes the optical path cross-connect 
devices 10 (OPXC1. OPXC2) and electrical aoss-con- 
nect devices 20 (EXC1 . EXC2). The optical path aoss- 
connect devices OPXC1 . OPXC2 of the optical trans- 
mission systems 1 , 2 are connected by the working and 
standby optical transmission lines 31 and 32. 

In the system shown in Fig. 9. the paths of the work- 
ing and starKiby signals transmitted from one electrical 
cross-connect device EXC1 to the other electrical 
cross-connect device EXC2 have already been estab- 
lished and fixed by connection control. If the selector 
20c (see Fig. 6) of the electrical cross-connect device 
EXC2 on the signal receiving side switches between the 
working and standby systems on the basis of a switch- 
ing command under these conditions, in a manner sim- 
ilar to that of the first emtxxiiment the working and 
standby systems are switched at the output side of the 
ATM switch 20d so that the working and standby sys- 
tems can be switched without momentary disconnect. 

(e-2) Second modification 

In the first embodiment of Rg. 3. the electrical 
or ss-connect device 20 produces optical signals for the 
working and standby systems of the optical path cross- 
connect device 10 and distributes these signals to the 
working and standby interface links 21a, 21b. However, 
an arrangement may be adopted in which, rather than 
the optical signals being distributed to the working and 
standby systents via the electrical cross-connect device 
20, the interface links are provided with optical distribu- 
tors or optical distribution switches, whereby optical sig- 
nals are distributed to the working and standby interface 
links 21a. 21b. 

Fig. 10 shows a second modification of the optical 
transmission system according to the present invention. 
Elements In Rg. 10 identical with those shown in Fig. 3 
are designated by like reference characters. In Fig. 10, 
the working interface link 21a connected to the electrical 
cross-connect device 20 is provided with an optical dis- 
tributor or optical distributing switch 25 for distributing 
an optical signal from the electrical cross-connect 



dev^ice 20 to the working and standby interface links 
21a. 21b. In the second modification, the intertece links 
from the optical path cross-connect device 10 to tiie 
electrical cross-connect device 20 are connected in 

5 pairs of the working and standby lines in the same man- 
ner as in the first embodiment. 

Rg. 1 1 is a diagram showing the architecture of tiie 
electrical cross-connect device 20 in tiie second modifi- 
cation. Elements in Fig. 1 1 identical with those shown in 

10 Fig. 6 are designated by like reference characters. This 
arrangement differs from that of Fig. 6 in that the distrib- 
uting circuit 20e and standby electro-optic converter 
(E/O) 20f2 are dieted. 

The optical path cross-connect device 10 (1) routes 

75 optical signals tiiat have entered from tiie working opti- 
cal transmission line 13 to tiie working optical transmis- 
sion tine 15 or working output interface link 22a and (2) 
routes optical signals that have entered from tiie 
standby optical transmission line 14 to the standby opti- 

20 cal transmission line 16 or standby output interface link 
122b wavelengtii by wavelength, this being performed 
in a manner similar to that of ttie first embodiment. Fur- 
tiier, the optical patii cross-oonnect device 10 (3) routes 
optical signals distributed by the optical distributing 

25 switches 25 and entrant from ttie working interface links 
21a to the working arxJ standby optical transmission 
lines 15. and (4) routes optical signals that have entered 
from the standby interface links 21b to the standby opti- 
cal transmission lines 16. 

30 Fig. 12 is a diagram for describing the operation of 
tiie second modification. Numerals 1 and 2 denote tiie 
optical transmission systems having the architecture 
shown in Fig. 10. Each includes the optical patii cross- 
connect devices 10 (OPXC1. OPXC2) and electrical 

35 aoss-connect devices 20 (EXC1. EXC2). The optical 
path cross-connect devices OPXC1 , OPXC2 of the opti- 
cal transmission systems 1. 2 are connected by the 
working and standby optical transmission lines 31 and 
32. 

40 In the system shown in Rg. 12, the paths of the 
working and standby signals transmitted from one elec- 
trical cross-connect device EXCl to the other electrical 
aoss-connect device EXC2 have already been estab- 
lished and fixed by connection control. If the sdector 

45 20c (see Fig. 1 1) of the electrical cross-connect device 
EXG2 on the signal receiving side switches between the 
working and standby systems on the basis of a switch- 
ing command under these conditions, in a manner sim- 
ilar to that of tiie first embodiment, the working and 

so standby systems are switched at the output side of tiie 
ATM switch 20d so that tiie working and standby sys- 
tems can be switched witiiout momentary disconnect. 

(e-3) Third modification 

55 

Rg. 13 shows a third modification of the optical 
transmission system accofding to the present invention. 
Elements in Rg. 13 kdentical witii those of tiie second 
modification shown in Fig. 10 are designated by like ref- 
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erence characters. In the optical transmission system of 
the third modification shown in Fig. 13, the optical 
switch of the optical path cross-connect device 10 is 
divided into a working optic£d switch 10A and a starxiby 
optical switch 1 0B, the working optical signal is switch to s 
the optical switch 10A and the standby optical signal is 
switched to the optical switch 10B. 

The optical path cross-connect device 10 routes an 
optical signal that has ^ered from the working optical 
transmission line 13 to the working optical transmission io 
line 15 and working interface link 22a by the optical 
switch 10A. A 1:1 optical space switch or 1:N optical 
space switch is used as the optical switch 10A. Simi- 
larly, the optical path cross-connect device 10 routes an 
optical signal that has entered from the standby optical is 
transmission line 14 to the standby optical transmission 
line 16 and standby interface link 22b by the optical 
switch 108. Further, the optical path cross-connect 
device 10 routes an optical signal, which has been dis- 
tributed by the optical distributor 25 and entered from 20 
the working interlace link 21a, to tiie working optical 
transmission line 15 by tiie optical switch 10A, and 
routes an optical signal, which has entered from the 
standby interface link 21b, to the starxlby optical trans- 
mission line 16 by the optical switch 108. 25 

In accordance witii the third modification, the 
number of elements in the optical switch can be 
reduced. For example, if the optical switch in the second 
modification illustrated in Fig. 10 has 12 inputs and 12 
outputs, the number of optical switch elements will be 30 
12 X 12 s 144. In the case of the third modification, how- 
ever, the number of optical switch elements required is 
6 X 6 X 2 = 72. Thus, the number of optical switch ele- 
ments is reduced. 

Fig. 14 is a diagram for describing the operation of 35 
the third modification. Numerals 1 and 2 denote the opti- 
cal transmission systems having the architecture shown 
in Fig. 13. Each includes the optical path o'oss-connect 
devices 10 (OPXCI. OPXC2) and electrical cross-con- 
nect devices 20 (EXC1 , EXC2). The optical path cross- 40 
connect devices OPXCI , OPXC2 of the optical trans- 
mission systems 1 , 2 are connected by the working and 
standby optical transmission lines 31 and 32. 

In the system shown in Fig. 14. the paths of the 
working and standby signals transmitted from one elec- 45 
trical cross-connect device EXC1 to the other electrical 
cross-connect device EXC2 have already been estab- 
lished and fixed by connection control. If the selector 
20c (see Fig. 1 1) of the electrical cross-connect device 
EXC2 on the signal receiving side switches between the so 
working and standby systems on tiie basis of a switch- 
ing command under these conditions, in a manner sim- 
ilar to that of tiie first embodimentr the working and 
starKiby systems are switched at tiie output side of the 
ATM switch 20d so that the working and standby sys- ss 
tems can be switched without momentary disconnect. 
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(e-4) Fourtii modification 

In the first embodiment of Fig. 3, the electrical 
cross-connect device 20 produces optical signals for tiie 
working and standby systems of the optical path cross- 
connect device 10 and distributes tiiese signals to tiie 
working and standby interface links 21a, 21b. However, 
an arrangement may be adopted in which, rather than 
tiie optical signals being distritxited to the working and 
standby systems via tiie electrk;al cross-connect device 
20, the optical path cross-connect device 10 is con- 
structed by an optical space switch having a distribution 
function so that optical signals which have entered from 
the electrical cross-connect device 20 may be routed to 
the working and standby optical transmission lines 
simultaneously by means of the distributing function of 
this optical space switch. 

Rg. 15 is a diagram showing the fourth modifica- 
tion, in which elements identical witii those of the first 
embodiment shown in Rg. 3 are designated by like ref- 
erence characters. This arrangement differs from that of 
the first embodiment in that (1 ) the standby interface link 
21b from the electrical cross-connect device 20 to the 
optical path cross-connect device 10 is deleted. (2) the 
optical path cross-connect device 10 is constructed by 
an optical space switch having a distribution function, 
and (3) the electrical cross-connect device 20 has th 
architecture shown in Fig. 1 1 . 

The interface link which enters an optical signal 
from the electrical cross-connect device 20 to the opti- 
cal path cross-connect device 10 is solely the working 
interface link 21a. Interface links which enter optical sig- 
nals from the optical path cross-connect devrce 10 to 
the electrical cross-connect device 20 is the pair of 
working and standby interface links 22a and 22b. 

The optrcal path cross-connect device 1 0 routes tiie 
optical signal, which has entered from the working opti- 
cal transmission line 13. to the working optical transmis- 
sion line 15 or working interface link 22a. Similarly, the 
optical path cross-connect device 10 routes the optical 
signal, which has entered from the standby optical 
transmission line 14, to the standby optk:al transmission 
line 16 or standby output interface link 22b. Further, an 
optical signal that has entered from the working inter- 
face link 21a is routed to the working optical transmis- 
sion line 15 and standby optical transmission line 16 by 
the distributing function. 

Rg. 16 is a diagram for describing the operation of 
the fourth modifrcation. Numerals 1 and 2 denote the 
optical transmission systems having the architecture 
shown in Fig. 15. £ach includes the optical path cross- 
connect devices 10 (OPXCI, 0PXC2) and electrical 
cross-connect devices 20 (EXC1. EXC2). Tlie optical 
path cross-connect device OPXCI , OPXC2 of the opti- 
cal transmission systems 1,2 are connected by tiie 
working and standby optical transmission lines 31 and 
32. 

In the system shown in Fig. 16, the paths of tiie 
working and standby signals transmitted from one elec- 
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trica) cross-connect device EXC1 to the other electrical 
cross-connect device EXC2 have already been estab- 
lished and fixed by connection control. If the selector 
20c (see Fig. 11) of the electrical cross-connect device 
EXC2 on the signal receiving side switches between the 5 
working and standby systems on the basis of a switch- 
ing comnnand under these conditions, in a manner sim- 
ilar to that of the first embodiment, the working and 
standby systems are switched at the output side of the 
ATM switch 20d so that the working and standby sys- 10 
terns can be switched without momentary disconnect. 

(C) SecorYd embodiment 

(a) General configuration is 

In the optical transmission systems of the first 
embodiment and the first through fourth modifications 
thereof, the wavelengths of optical signals are not multi- 
plexed; the single wavelength Xq is used. In the second 20 
embodiment, uninten^upted switching of transmission 
lines is performed In a case where the transmission 
lines are wavelength-division multiplexed. Basically, the 
architecture is similar to that of the first embodiment and 
the first through fourth modifications thereof but the opti- 25 
cal path cross-connect device and el^itrical cross-con- 
nect device are so adapted as to be capable of dealing 
with wavelength-division multiplexing. 

Figs. 17 through 21 are diagrams shewing configu- 
rations of wavelength-division-multiplexed optical trans- 30 
mission systems according to the second embodiment 
of present invention. These correspond to the optical 
transmission systems of the first emtxxJiment and first 
through fourth modifications thereof, respectively. 

35 

(a-1) Type A 

The wavelength-division-multiplexed optical trans- 
mission system of Type A shown in Fig. 1 7 corresporKis 
to the first embodiment of Fig. 3. The interface links 40 
from the electrical cross-connect device EXC to the 
optical path cross-connect device OPXC and the inter- 
face links from the optical path cross-connect device 
OPXC to the electrical cross-connect device EXC are 
pairs of links each having a working link and a standby 45 
link interconnecting the devices EXC and OPXC. 

In Fig. 17, numerals 101 and 201 denote the optical 
path aoss-connect device (OPXC) and electrical cross- 
connect device (EXC), respectively. The optical path 
cross-connect device 101 (OPXC) accommodates the so 
plurality of working optical transmission lines 130, 150 
for wavelength<livision-nnultiplexed optical signal 
input/output, the plurality of input and output standby 
optical transmission lines 140, 160 for wavelength-divi- 
sion-multiplexed optical signals, the plurality of working ss 
interface links 121a. 122a provkJed between the optical 
path cross-connect device and the electrical aoss-con- 
nect device for wavelength<livision-multiplexed optical 
signal input/output, and the plurality of standby internee 



links 121b, 12^ provided between the optical path 
cross-connect device and the electrical cross-connect 
device for wavelength-division-multiplexed optical signal 
input/output. The optical path cross-connect device 101 
(1) routes wavelength-division-multiplexed optical sig- 
nals of wavelengths - that have entered from the 
working optical transmission lines 130 to the working 
optical treuismission lines 150 or working interface links 
122a wavelength by wavelength, (2) routes wavelength- 
division-multiplexed optical signals of wavelengths - 
Xn that have entered from the standby optical transmis- 
sion lines 140 to the standby optical transmission lines 
160 or standby interface links 122b wavelength by 
wavelength, (3) routes wavelength-division-multiplexed 
optical signals that have entered from the working inter- 
face links 121a to the working optical transmission lines 
150 wavelength by wavelength, and (4) routes wave- 
length-division-multiplexed optical signals that have 
entered from the standby interface links 121b to the 
stanc&y optical transmission lines 160 wavelength by 
wavelength. 

(a-2) Type B 

Tlie wavelength-division-multiplexed optical trans- 
missbn system of Type B shown in Fig. 18 corresponds 
to the first nuxJif ication of Rg. 8. Elements identical with 
those of the an'angement of Type A in Fig. 1 7 are desig- 
nated by like reference characters. 

In the wavelength-division-multiplexed optical 
transmission system of Type B, the optical path cross- 
connect device 101 is divided into a working system 
101a and a standby system 101b. the wavelength-divi- 
sion-multiplexed signals of the working system are 
switched to the working optical path aoss-connect 
device 101a and the wavelength-division-multiplexed 
signals of the standby system are switched to the work- 
ing optical path cross-connect device 101b. 

The optical path aoss-connect device 101a routes 
wavelength-division-multiplexed optical signals that 
have entered from the working optical transmission 
lines 130 to the working optical transmission lines 150 
or working interface links 122a wavelength by wave- 
length and routes wavelength-division-multiplexed opti- 
cal signals that have entered from the working interface 
links 121a to the working optical transmission lines 150 
wavelength by wavelength. The standby optical path 
aoss-connect device 101b routes wavelength-division- 
multiplexed optical signals that have entered from the 
working optical transmission lines 140 to the standby 
optical transmission lines 160 or standby Interface links 
1 22b wavelength by wavelength and routes wavelength- 
division-multiplexed optical signals that have entered 
from the standby interface links 121b to the standby 
optical transmission lines 160 wavelength by wave- 
length. 

In accordance with the wavelength-division-multi- 
plexed optical transmission system of Type B. the 
number of elements in the optical space switch consti- 
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tilting the optical path cross-connect device can be 
reduced. 

(a-3) TypeC 

5 

The wavelength-division-muttlplexed optical trans- 
mission system of Type C shown in Fig. 1 9 corresponds 
to the second modification of Fig. 10. Elements identical 
with those of the arrangement of Type A in Fig. 17 are 
designated by like reference characters. io 

In the wavelength-division-multiplexed optical 
transmission system of Type A of Fig. 17. the electrical 
cross-connect device 201 produces wavelength-divi- 
sion-multiplexed optical signals for the working and 
standby systems of the optical path cross-connect is 
device 101 and distrbutes these signals to the working 
and standby interface links 121a. 121b. However, an 
arrangement may be adopted in which, rather than the 
wavelength-division-multiplexed optical signals being 
distributed to the working and standby systems via the 20 
electrical cross-connect device 201 , the interface links 
121a are provided with optical distributors or optical dis- 
tritxition switches, whereby wavelength-division-multi- 
plexed optical signals are distributed to the working and 
standby interface links 121a. 121b. In other aspects the 25 
architecture is the same as that of Type A. 

The optical path cross-connect device 101 (1) 
routes wavelength-division-multiplexed optical signals 
that have entered from the working optical transmission 
lines 130 to the working optical transmission lines 150 30 
or working interface links 122a wavelength by wave- 
length. <2) routes wavelength-divlsion-muttiplexed opti- 
cal signals that have entered from the standby optical 
transmission lines 140 to the standby optical transmis- 
sion lines 160 or standby interfece links 122b wave- 3s 
length by wavelength. <3) routes wavelength-division- 
multiplexed optical signals that have entered from the 
working interface links 121a via the optical distributors 
125 to the working optical transmission lines 150 wave- 
length by wavelength, and (4) routes wavelength-divi- 40 
sion-multiplexed optical signals that have entered from 
the standby interface links 121b via the optical distribu- 
tors 125 to the standby optical transmission lines 160 
wavelength by wavelength. 

45 

(a-4) Type D 

The wavelength-division-muttiplexed optical trans- 
mission system of Type D shown in Fig. 20<x>rresponds 
to the third modifk;ation of Fig. 13. Elements identical so 
with those of the arrangement of Fig. 1 9 are designated 
by like reference characters. 

In the wavelength-division-multiplexed optical 
transmission system of Type D shown in Rg. 20, the 
optical path cross-connect device 101 is divided into the ss 
working system 101a and the standby system 101b, the 
wavelength-division-nnultiplexed signals of the working 
system are avitched to the working optical path cross- 
connect device 101a and the wavel^gth-division-multi- 



plexed signals of the standby system are switched to the 
working optical path cross-connect device 101b. 

The optical path cross-connect device 101a routes 
wavelength-division-muttiplexed optical signals that 
have entered from the working optical transmission 
lines 130 to the working optical transmlssic»i lines 150 
or working interface links 122a wavelength by wave- 
length and routes wavelength-division-multiplexed opti- 
cal signals that have ^ered from the working interface 
links 121a via the optical distributors 125 to the working 
optical transmission lines 150 wavelength by wave- 
length. The starKlby optical path cross-connect device 
101b routes wavelength-division-muttiplexed optical sig- 
nals that have entered from the standby optical trans- 
mission lines 140 to the stsmdby optical transmission 
lines 160 or standby interface links 122b wavelength by 
wavelength and routes wavelength-division-multiplexed 
optical signals that have entered from the standby inter- 
face links 121b via the optical distributors 125 to the 
standby optical transmission lines 160 wavdength by 
wavelength. 

In accordance with the wavelength-division-multi- 
plexed optical transmission system of Type D, the 
number of elements in the optical space switch consti- 
tuting the optical path cross-connect device can be 
reduced. 

(a-5) Type E 

The wavelength-division-multiplexed optical trans- 
mission system of Type E shown in Fig. 21 corresponds 
to the fourth modification of Fig. 15. Elements identical 
with those of the arrangement of Type A in Fig. 17 are 
designated by like reference characters. 

In the wavelength-division-multiplexed optical 
transmission system of Type A, the electrk^al cross-con- 
nect device 201 produces wavelength-division-multi- 
plexed optk;al signals for the working arxl -standby 
systems of the optical path cross-connect devk:e 101 
and distributes these signals to the working and etarviby 
interface links 121a, 121b. However, an arrangement 
may be adopted in whi^, rather than the wavelength- 
division-muttiplexed optical signals being distributed to 
the working and standby systems via the «lectrk:al 
cross-connect devk^e 201. the optical path cross-con- 
nect device 101 is constructed by an optkal space 
switch having a distribution function so that wavetength- 
divislon-multiplexed optical signals which have entered 
from the electrk:al cross-connect devk;e 201 may be 
routed to the working and standby optk:al transmission 
lines simultaneously by means of the distributing func- 
tion of this optical space switch. 

The arrangement of "Rg. 21 differs from that of Type 
A of f^ig. 17 in that (1) the standkiy interface links 121b 
from the electrical cross-connect device201 to the opti- 
cal path cross-connect device 101 are deleted, and-(2) 
the optical path o-oss-connect device 101 is -con- 
structed by an optk:al space switch having a distribution 
function. More specifically, the interface links which 
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enter wavelength-division-muttiplexed optical signals 
from the electrical cross-connect device 201 to the opti- 
cal path cross-connect device 101 are solely the work- 
ing interface links 121a. Interface links which enter 
wavelength-drvision-multiplexed optical signals from the 5 
optical path cross-connect device 101 to the electrical 
cross-connect device 201 are the pairs of working and 
standby interlace links 122a and 122b. 

The optical path cross-connect device 101 (1) 
routes wavelength-division-multiplexed optical signals 10 
that have entered from the working optical transmission 
lines 130 to the working optical transmission lines 150 
or working interface links 122a wavelength by wave- 
length, (2) routes wavelength-division-multiplexed opti- 
cal signals that have entered from the standby optical is 
transmission lines 140 to the standby optical transmis- 
sion lines 160 or standby interface links 122b wave- 
length by wavelength, and (3) routes wavelength- 
division-multiplexed optical signals that have entered 
from the working interface links 121a to the working 20 
optical transmission lines 150 arxi standby optical trans- 
mission lines 160 by the distribution function. 

(b) Architecture of optical path cross-connect device 

25 

The optical path cross-connect device (OPXC) can 
be configured in two ways. The first is by a WP (wave- 
length path) scheme in which the Input optical signal is 
not subjected to wavelength conversion. The other is by 
a VWP (virtual wavelength path) scheme in wavelength 30 
conversion is performed as needed. 

(b-1) Optical path cross-connect device according to 
WP scheme 

35 

Fig. 22 is a diagram showing the architecture of the 
optical path cross-connect device OPXC according to 
the WP schOTie. The optical path cross-connect device 
includes demultiplexers 101ti - lOl^i^ for dennultiplex- 
ing wavelength-division-multiplexed optical signals, 40 
which enter from respective ones of a plurality of optical 
transmission lines #1 ~ #K to optical signals of individ- 
ual wavelengths X.^ - X^, optical space switches IOI21 - 
101 2k tor switching the demultiplexed signals of wave- 
lengths X,^ - to prescribed outgoing lines, and multi- 45 
plexers 101 31 ~ 101 3^ for multiplexing optical signals of 
wavelengths - Xn directed to the same outgoing line 
and sending the multiplexed optical signals to optical 
transmission lines #1 ~ #k. 

Optical signals of wavelength X-^ enter the optical so 
space switch 101 21 from respective ones of the demul- 
tiplexers 101^1 - 101 Ik and these optical signals are 
switched by the optical space switch 101 21 so as to 
enter each of the multiplexers. Further, optical signals of 
wavelength X2 enter the optical space switch 1 0I22 from ss 
respective ones of the demultiplexers 101 ^ - 101 
and these optical signals are switched by the optical 
space switch 1 01 22 so as to enter each of the nrujltiplex- 
ers. The same operation holds for the other optical 



switches as well. The multiplexer 101 31 multiplexes opti- 
cal signals of wavelengths - ^n* which have entered 
from the free-spaced optical switches IOI21 - 10l2k. 
and sends the multiplexed optical signals to the optical 
transmission line #1, and the multiplexer 101 32 multi- 
plexes optical signals of wavelengttis X^ - X^, which 
have entered from the free-spaced optical switches 
101 21 - 101 2k. and sends the multiplexed optical sig- 
nals to the optical transmission line #2. Similarly, the 
multiplexer 101 3k multiplexes optical signals of wave- 
lengths X\ ~ X-n, which have entered from the free- 
spaced optical switches IOI21 - 10l2kt anci sends the 
multiplexed optical signals to the optical transmission 
line#k. 

(b-2) Optical path cross-connect device according to 
VWP scheme 

Rg. 23 is a diagram showing the architecture of the 
optical path cross-connect device OPXC according to 
the VWP scheme. The optical path cross-connect 
device includes the demultiplexers 101^ - 101 ik tor 
demultiplexing wavelength-division-multiplexed optical 
signals, which enter from respective ones of the plurality 
of optical transmission lines #1 ~ #K to optical signals of 
individual wavelengths X^^ - X^, an optical space switch 
101 4 tor switching the signals of wavelengfris X^ - X^, 
which have been demultiplexed by each of the demult- 
plexers, to prescribed outgoing lines, wavelength con- 
verters IOI51 ~ 10l5k tor converting the wavelengths of 
the switched optical signals to prescribed wavelengths, 
and multiplexers IOI31 - lOlsk for multiplexing optical 
signals of wavelengths X-^ ~ x^ directed to the same out- 
going line and sending the multiplexed optical signals to 
optical transmission lines #1 - #k. 

The 1:1 optical space switch and the 1:N optical 
space switch having the distribution function, which are 
illustrated in Figs. 4 and 5, respectively, c£in be used as 
the VW- and VWP-type optical space switches. In this 
case, the wavelength-division-multiptexed optical trans- 
mission systems of Types A through D (Figs. 1 7 through 
20) are capable of using either of these optical space 
switches. In the wavelength-division-multiplexed optical 
transmission system of Type E, however, the optical 
path cross-connect device 101 is required to have the 
distribution function. Accordingly, It is necessary to use 
the 1 :N optical space switch having the distritxjtion func- 
tion. 

(c) Architecture of electrical crossKX>nnect device on 
transmitting side 

The transmitting side of the electrical cross-connect 
device 201 is additionally provided with a function for 
processing wavelength-division-muftiplexed optical sig- 
nals. 

Rgs. 24A. 24B, 24C and 24D are diagrams show- 
ing the architecture on the transmitting side of the elec- 
trical cross-connect device 201 . Figs. 24A, 24B, 240 
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and 24D show four transmission types S-1 through S-4. 
First and second transmission types S-1 and S-2 are 
applicak)le to the wavelength-division-multiplexed opti- 
cal transmission systems of types C through E (Figs. 19 
through 21 , respectively). Third and fourth transmission 5 
types S-3 and S-4 are applicak)le to the wavelength-divi- 
sion-multiplexed optical transmission systems of types 
A and B (Figs. 17 and 18, respectively). 

(c-1) First tr£insmlssion type S-1 10 

The first transmission type S-1 has ftxed-output- 
wavelength electro-optic converters (E/0 converters) 
307b^ - 307an for converting individual electric signals 
outputted by an ATM switch (not shown) and directed to is 
the optical path cross-connect de^ce 101 to wave- 
lengths Xi ~ Xn. respectively, and an optical multiplexer 
308a for multiplexing the optical signals of wavelengths 
^1 ~ Xn outputted by the respective E/O converters and 
sending the nrultiplexed signals to the working interface 20 
link 121a. 

The first transmission type S-1 cannot alter the 
wavelengths to the optical path cross-connect device 
101 at will. Accordingly, thefirst transmission type S-1 is 
applicable to wavelength-division-multiplexed optical 2s 
transmission systems of types C through E, which are 
wavelength-division-multiplexed optical transmission 
systems wherein the optical path cross-connect device 
OPXC is constituted by an optical space switch accord- 
ing to the VWP scheme. 30 

(c-2) Second transmission type S-2 

The second transmission type S-2 has variable out- 
put-wavelength electro-optic converters (E/O convert- 3S 
ers) 307ai* - 307an' for converting individual electric 
signals outputted by an ATM switch (not shown) and 
directed to the optical path cross-connect device 101 to 
wavelengths X.^ ~ Xn. respectively, and an optical multi- 
plexer 308a for multiplexing the optical signals of wave- 40 
lengths X-i - X.n outputted by the respective E/O 
converters and sending the multiplexed signals to the 
working interlace link 121a. 

The second transmission type S-2 is capable of 
altering the wavelengths to the optical path cross-con- 45 
nect device 101 at will. Accordingly, the second trans- 
mission type S-2 is applicable to wavelength-division- 
muttiplexed optical transmission systems of types C 
through E, which are wavelength-division-multiplexed 
optical transmission systems wherein the optical path so 
cross-connect device OPXC is constituted by an optical 
space switch according to the WP scheme. 

(c-3) First transmission type S-3 

55 

The third transnnission type S-3 has distributing cir- 
cuits 306a, 306b for distributing indivkjual electric sig- 
nals outputted by an ATM switch (not shown) and 
directed to the optical path cro^-connect device 101 to 



the working and standby systems, fixed-output-wave- 
length electro-optic converters (E/O converters) 307ai 
- 307ein converting individual electrk; signals of the 
working system to wavelengths - respectively, 
fixed-output-wavelength electro-optic converters (E/O 
converters) 307bi - 307bn for converting individual 
electric signals of the standby system to wavelengths 
~ Xn. respectively, an optical multiplexer 308a for multi- 
plexing the optical signals of wavelengths X^ - Xn out- 
putted by the respective E/O converters of the working 
system and serxJing the multiplexed signals to the work- 
ing interface link 121a, and an optical multiplexer 308b 
for multiplexing the optical signals of wavelengths X^ - 
Xn outputted by the respective E/O converters of the 
standby system and serxiing the multiplexed signals to 
the working interface link 121b. 

The third transmission type S-3 cannot alter th 
wavelengths to the optical path cross-connect device 
1 01 at will. Accordingly, the first transmission type S-3 is 
applicable to wavelength<livision-multiplexed optical 
transmission systems of types A and B, which are wave- 
length-division-multiplexed optical transmission sys- 
tems wherein the optical path cross-connect device 
OPXC is constituted by an optical space switch accord- 
ing to the VWP sch^e. 

(c-4) Fourth transmission type S-4 

The fourth transmission type S-4 has distributing 
circuits 306a, 306b for distributing individual electric sig- 
nals outputted by an ATM switch (not shown) and 
directed to the optical path cross-connect device 101 to 
the working and standby systems, variable output- 
wavelength electro-optic converters (E/O converters) 
307ai' - 307an* for converting individual electric signals 
of the working system to wavelengths X^ ~ Xn. respec- 
tively, variable output-wavelength electro-optic convert- 
ers (E/O converters) 307bi' - 307bn for converting 
individual electric signals of the standby system to 
wavelengths X-} - Xn, respectively, an optical multiplexer 
308a for multiplexing the optical signals of wavelengths 
Xi - Xn outputted by the respective E/O converters of 
the working system and sending the multiplexed signals 
to the working interface link 121a, and an optical multi- 
plexer 308b for multiplexing the optical signals of wave- 
lengths Xt ~ Xn outputted by the respective E/O 
converters of the starxlby system and serKling the mul- 
tiplexed signals to the working interface link 121b. 

The fourth transmission type S-4 is capable of alter- 
ing the wavelengths to the optical path cross-connect 
device 101 at will. Accordingly, the first transmrssion 
type S-4 is applicable to wavelength-division-multi- 
plexed optical transmission systems of types A and B, 
which are wavelength-division-multiplexed optk:al trans- 
mission systems wherein the optical path cross-connect 
device OPXC is constituted by an optical space switch 
according to the WP scheme. 

It should he noted that all of the transmission typ^ 
are disposed between an electrical cross-connect 
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device and an optical path cross-connect device with a 
plurality of these links. 

(d) Architecture of electrical cross-connect device on 
receiving side 

The receiving side of the electrical cross-connect 
device 201 is additionally provided with a function for 
processing wavelength-division-nuiltiplexed optical sig- 
nals. 

Figs. 25A and 25B are diagranns showing the archi- 
tecture on the receiving side of the electrical cross-con- 
nect device 201 . Figs. 25A and 25B show two reception 
types R1 and R2. 

(d-1) First reception type R-1 

The first reception type R-1 has demultiplexers 
301a. 301b for demultiplexing wavelength-division-mul- 
tiplexed optical signals, which have been sent from the 
optical path cross-connect device 101 via the working 
and starxlby internee links 122a, 122b, to optical sig- 
nals of individual wavelengths X-t - a plurality of 
opto-electric converters (O/E converters) 302ai ~ 
302anp 302bi ~ 302bn for converting the optical signals 
of the working and standby systenrts to electric signals, 
phase adjusting buffers 3038^ - 303an, 303bi ~ 303bn. 
which are connected to respective ones of the opto- 
electric converter outputs, for performing a phase 
adjustment electrically in such a manner that the signal 
phases of the working and standby systems will coin- 
cide, smd selectors SQAa^ ~ 304an for switching the opti- 
cal signals of the working and standby systenns and 
entering the optical signals into an ATM switch, not 
shown. 

The first reception type R-1 is applicable to the 
wavelength-division-multiplexed optical transmission 
systems of all of the types A through E. 

(d-2) SeoorKJ reception type R-2 

The second reception type R-2 has the demulti- 
plexer 301a for demultiplexing wavelength-division-mul- 
tiplexed optical signals, which have entered from the 
optical path cross-connect device 101 via the working 
interface link 122a, to optical signals of individual wave- 
lengths X-i " X^, a brancher 309b for branching wave- 
l^gth-division-multiplexed optical signals, which have 
entered from the optical path cross-connect device 101 
via the standby interface link 122b, variable-wavelength 
fitters 31 Obi 310bn for extracting optical signals of 
prescribed wavelengths A,i - X^ from the wavelength- 
division-muttiplexed optical signals branched from the 
brancher 309b, tiie plurality of opto-electric converters 
(O/E converters) 302ai - 302an, 302bi - 302bn for 
converting the optical signals of the working and 
starKlby systems to electric signals, the phase adjusting 
txiffers 303ai - 303an. 303bi - 303bn, which are con- 
nected to respective ones of the opto-electric converter 



outputs, for performing a phase adjustment electrically 
in such a manner that the signal phases of the working 
and standby systems will coincide, and the selectors 
304a-) ~ 304an for switching the optical signals of tiie 

5 working and standby systems and entering the optical 
signals into an ATM switch, not shown. 

Basically, the first reception type R-1 is applicable 
as the arrangement on the receiving side of the electri- 
cal aoss-connect device 201 in the wavelength-divi- 

10 sion-multiplexed optical transmission systems (Figs. 1 7 
- 21) of all types A E. However, in a case where tiie 
fourth transmission type S-4 is used on the transmitting 
side, there are instances v^ere the wavelengths of the 
optical signals which the optical path cross-connect 

IS device 101 sends to tiie working and standby systems 
differ (i.e.. instances where, when It is attempted to 
make a transmission to the standby system at a wave- 
length the same as that at which a transmission was 
made to the working system, this wavelength Is already 

20 being used in the standby system). In such instances, 
blocking can be prevented by using the second trans- 
mission type R-2. In other words, the variable-wave- 
lengtii filters 310bi - 310bn extract and output optical 
signals of prescribed wavelengths from the respective 

25 wavelengtii-division-multiplexed optical signals of the 
standby system. As a result, the optical signals of tiie 
standby system are photoelecti^icalty converted cor- 
rectiy by the opto-elecb-ic converters 302bi - 302bn and 
are not blocked. 

30 

(e) Configurations in which transmission types and 
reception types can be applied 

Rg. 26 Is a table for describing the relationship 
35 among tiie types A - E of the optical path cross-connect 
device OPXC, optical patiis (WP-type/VWP-type) and 
the transmission types S-1 ~ S-4 and reception types R- 
1 ~ R-2 In the electrical cross-connect device EXC. 
The types of transmitting and receiving sections 
40 applied to the electrical cross-connect device EXC differ 
depending upon tiie difference in tiie types A - E of the 
optical patii cross-connect device OPXC and the differ- 
ence in the kind of optica) path (WP or VWP). 

45 (e-1) Configurations in which transmission types are 
applicable 

In the wavelength-division-multiplexed optical sys- 
tems of types C. D and E (Figs. 19, 20 and 21. respec- 

50 tively). it is unnecessary for wavelength-di vision- 
multiplexed optical signals to be sent from the electrical 
cross-connect device EXC to the standby system. 
Accordingly, transmission type S-1 or S-2 is used as tiie 
transmitting section of the electrical cross-connect 

55 device EXC. In this case, the wavelengtii at which an 
optical signal is transmitted depends upon the status of 
tiie network at tiie particular time. Therefore, when use 
Is made of the WP-based optical path cross-connect 
device OPXC. which does not perform a wavelength 
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conversion, it is required that the E/O converter of the 
transmitting section have a wavelength converting func- 
tion. This means that the transmission type S-2 is used. 
On the other hand, when use is made of the VWP- 
based optical path cross-connect device OPXC, which 5 
performs the wavelength conversion, it is not required 
that the E/O converter of the transmitting section have a 
wavelength converting function: hence, the transmis- 
sion type S-1 is used. 

Wrtii the wavelength-division-multiplexed optical 10 
transmission systems of types A arKJ B (Figs. 1 7 and 1 8. 
respectively), it is necessary for the wavelength-divi- 
sion-multiplexed optical signals to be sent from the elec- 
trical aoss-connect device EXC to boih the working and 
standby systems. Accordingly, transmission type S-3 or is 
S-4 is used as the transmitting section of the electrical 
cross-connect device EXC. Further, for the reasons set 
forth above, tiie transmission type S-4 having the wave- 
length converting function is used in the E/O converter 
of the transmitting section in tiie case of the WP 20 
scheme, and the transmission type S-3 not having the 
wavelength converting function is used in the E/O con- 
verter of the transmitting section in the case of the VWP 
scheme. 

25 

(e-2) Configurations in which reception types are appli- 
cable 

Basically, the receiving section applied to the elec- 
trical cross-connect device EXC in the wavelength-divi- 30 
sion-nrujitiplexed optical transmission systems of types 
A E may be the reception type R-1 . When the trans- 
mission type S-4 is used in the transmitting section, 
however, there are cases where the wavelengths of the 
optical signals sent to the working and standby systems 35 
differ, as mentioned above. In such cases blocking can 
be prevented by using the reception type R-2. 

(f) Configuration of wavelength-division-multiplexed 
optical transmission system 40 

A total of 12 types of configurations of the wave- 
length-division-multiplexed optical system are conceiva- 
ble from combinations of tiie transmission and rec^ion 
types, as will be appreciated from the table of Fig. 26. 4s 

The first wavelength-division-muttiplexed optical 
transmission system is in accordance with the VWP 
scheme of type A (see Rg. 17), and this is a case in 
which the transmission type is S-3 and the reception 
type Is R-1. so 

The second wavelength-division-multiplexed optical 
transmission system is In accordance with the WP 
scheme of type A. and this is a case In which the trans- -—^^^ 
mission type Is S-4 arKi the reception type is R-1 . 

The third wavelength-division-multiplexed optical ss 
transmission system is in accordance with the WP 
scheme of type A, and this is a case in which the trans- 
mission type is S-4 and the reception type is R->2. 

The fourth wavelengtii-divlsion-muttiplexed optical 



transmission system is in accordance with the VWP 
scheme of type B (see Fig. 18). and this is a case in 
which the transmission type is S-3 and the reception 
type Is R-1. 

The fifth wavelength-division-muftiplexed optical 
transmission system is in accordance wrtii the WP 
scheme of type B, and this is a case in which the trans- 
mission type is S-4 and the reception type is R-1 . 

The sixth wavelength-division-multiplexed optical 
transmission system Is in accordance with the WP 
scheme of type B. and this Is a case In which the trans- 
mission type is S-4 and the reception type is R-2. 

The seventh wavelength-division-multiplexed opti- 
cal transmission system is in accordance with the VWP 
scheme of type C (see Rg. 19), and this is a case in 
which the transniission type is S-1 and the reception 
type is R-1. 

The eighth wavelength-division-multiplexed optical 
transmission system is In accordance with the WP 
scheme of type C. and this is a case In which the trans- 
mission type Is S-2 and the rec^ion type is R-1 . 

The ninth wavelength-division-multiplexed optical 
transmission system is in accordance with the VWP 
scheme of type D (see Fig. 20). and this is a case in 
which the transmission type is S-1 and the reception 
type is R-1. 

The tenth wavelength-division-multiplexed optical 
transmission system is in accordance with the WP 
scheme of type D, and this is a case in which the trans- 
mission type is S-1 and tiie reception type is R-1 . 

The 11th wavelength-division-multiplexed optical 
transmission system Is in accordance with the VWP 
scheme of type E (see Fig. 21), and this is a case in 
which the transmission type is S-1 and the reception 
type is R-1. 

The 12th wavelength-division-multiplexed optical 
transmission system is in accordance with the WP 
scheme of type E. and this is a case In which tfie trans- 
mission type is S-2 and the reception type Is R-1 . 

(f-1) Operation of first wavelength-division-nrultiplexed 
optical system 

Rg. 27 Is a diagram for describing the operation of 
the first wavelengtti-division-multiplexed optical trans- 
mission system. Numerals 100. 200 denote the wave- 
lengtii-division multiplexing optical ti-ansmtssion 
systems, each having the type A (Fig. 17) architecture 
of the VWP scheme as the optical path cross-connect 
devk;e OPXC and the transmission type S-3 and recep- 
tion type R-1 as the electrk:al cross-connect device 
€XC. 

The wavelengtii-division multiplexing optical trans- 
mission systems 100, 200 each have the optical path 
aoss-connect device 101 (OPXC1, OPXC2) and elec- 
trical cross-connect device 201 <EXC1 . £X'C2) and are 
interconnected by the working and standby wavelength- 
division-multiplexed optical transmission lines 131. 132. 

€ach of the optical patti cross-connect devices 101 
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(OPXC1, 0PXC2) has the VWP architecture shown in 
Fig. 23 and accommodates the plurality of working opti- 
cal transmissi n lines 130. 150 for wavelength-division- 
muttiplexed optical signal input/output, the plurality of 
input and output standby optical transmission lines 140, 5 
160 for wavelength-division-muttiplexed optical signals, 
the plurality of working interface links 121a, 122a pro- 
vided between the optical path cross-connect device 
and the electrical cross-connect device 201 for wave- 
length-division-multiplexed optical signal input/output, ro 
and the plurality of standby interface links 121b. 122b 
provided between the optical path cross-connect device 
and the electrical cross-connect device 201 for wave- 
length-division-multiplexed optical signal input^output. 

The electrical cross-connect device 201 has the is 
demultiplexers 301a, 301b for demultiplexing wave- 
length-division-multiplexed optical signals -l^ (ns2 
in Fig. 27), which have entered from the working and 
standby interface links 122a. 122b. to optical signals of 
individual wavelengths A.^ , X2. the opto-electric convert- 20 
ers 302at - 302a2. 302bi - 302b2 for converting the 
wavelength signals to electric signals, wherein the 
demultiplexers 301a. 301b and opto-electric converters 
302at ~ 302a2. 302bi - 302b2 are provided on the 
receiving sides of the working and standby systems. 25 
respectively, the phase adjusting buffers 303ai - 303a2. 
303bi ~ 303b2 for performing a phase adjustment elec- 
trically in such a manner that the signal phases of the 
working and standby systems will coincide, selectors 
304a, 304b for switching the optical signals of the work- 30 
ing and standby systems outputted by the opto-electric 
converters of the working and standby systems, an ATM 
switch 305 for routing an ATM cell, which enters from 
the optical path cross-connect device (OPXC), from 
another electrical cross-connect device (EXC) and from 35 
a switch (SW), to a prescribed outgoing line, the distrib- 
uting circuits 306a. 306b for distributing electric signals, 
which are to be sent to the optical path cross-connect 
device, to the working and standby systems, the fixed- 
oulput-wavelength electro-optic converters 307ai - 40 
307a2, 307bi " 307b2 for converting the distributed 
electric signals of the working ard standby systems to 
optical signals of wavelengths A.^ - X2, respectively, and 
the optical multiplexers 308a. 308b for multiplexing the 
optical signals outputted by the working electro-optic 45 
converters and the optical signals outputted by the 
standby electro-optic converters, respectively, and 
sending the multiplexed signals to the working and 
standby interface links 121a, 121b. respectively 

It should be noted that the electrical cross-connect so 
devices EXC1, EXC2 are identically constructed but 
only the architecture on the transmitting side of the elec- 
trical cross-connect device EXCI is shown and only the 
architecture on the receiving side of the electrical cross- 
connect device EXC2 is shown. 55 

The optical path cross-connect device 101 (1) 
routes wavelength<livision-multiplexed optical signals 
that have entered from the working optical transmissi n 
lines 130 to the working optical transmission lines 150 



or working Interface links 122a wavelength by wave- 
length. (2) routes wavelength-division-multiplexed opti- 
cal signals that have entered from the standby optical 
transmission lines 140 to the starKlby optical transmis- 
sion lines 160 or standby interface links 122b wave- 
length by wavelength. (3) routes wavelengtii-division- 
multiplexed optical signals that have entered from the 
working interface links 121a to the working optical trans- 
mission lines 150 wavelength by wavelength, and (4) 
routes wavelengtii-division-multiplexed optical signals 
tiiat have entered from the standby interface links 121b 
to the standt>y optical transmission lines 160 wave- 
length by wavelength. On the basis of a switching com- 
mand, the electrical cross-connect device 201 switches 
tiie working and standby transmission lines by the 
selectors 304a. 304b without momentary disconnect. 
The optical path cross-connect device 101 executes 
wavelengtii conversion as necessary. 

By way of example, in a case where optical signals 
are transmitted from the electrical cross-connect device 
(EXCI) of the first optical transmission system 100 to 
the electrical cross-connect device (EXC2) of the sec- 
ond optical transmission system 200. the electrical 
cross-connect device (EXCI) disti^itxjtes tiie wave- 
length-division-multiplexed optical signals of the work- 
ing/standby systems to the working/standby interface 
links 121a, 121b. the optical path cross-connect device 
OPXCI routes tiie optical signals, which have entered 
from the working interface links 121a, to the working 
optical transmission lines 131 and routes the optical sig- 
nals, which have entered from the starKfby interface 
links 121b, to the standby optical transmission lines 
132. TTie optical path cross-connect device OPXC2 of 
the second optical transmission system 200 routes tiie 
optical signals, which have entered from the working 
optical transmission lines 131. to the working Interface 
links 122a and routes the optical signals, which have 
entered from the starxiby optical transmission lines 132. 
to tiie standby interface links 122b, tiiereby entering 
tiiese optical signals into the electi-ical cross-connect 
device EXC2. The selectors 304a. 304b of the electrical 
cross-connect device EXC2 select tiie wavelength-divi- 
sion-multiplexed signals that have entered from tiie 
working interface links 122a and route tiie signals to tiie 
desired outgoing lines by way of the ATM switch 305. 

If signals flowing through the working optical trans- 
mission lines 131 are switched to signals in the standby 
system and signals flowing through the standby optical 
transmission lines 132 are switched to signals in tiie 
working system under these conditions, then, on tiie 
basis of the switching command, tiie selectors 304a. 
304b of tiie electrical cross-connect device EXC2 of tiie 
second optical transmission system 200 select the 
wavelength-division-muttiplexed signals that have 
entered from the standby interface links 122b and route 
these signals to a desired outgoing line by way of the 
ATM switch 305. In this case, a phase adjustment is car- 
ried out in the phase adjusting txiffers 303ai - 303a2. 
303bt - 303b2 in such a manner that tiie signal phases 



18 



<EP 0802697Aa_L> 



EP0 802 697 A2 



36 



35 

in the working and standby systems coincide at all 
times. As a result. It is possit)le to switch between the 
working and standby systems without momentary dis- 
connect and without loss of cells. 

Fig. 27 is for a case in which the electrical aoss- s 
connect device EXC1 of one of the adjacent optical 
transmission systems 100 and 200 transmits signals to 
the electrical cross-connect device EXC2 of the other 
optical transmission system. Howev^, even if the 
arrangement is one in which another optical transmis- io 
sion system exists between the first and second optical 
transmission systems 100 and 200, the phase adjusting 
buffers 303ai - 303a2. 303bi - 303b2 of the electrical 
cross-connect device on the signal receiving side 
always perform the phase adjustment In such a manner is 
that the signal phases of the working and standby sys- 
tems will coincide. Accordingly, regardless of the optical 
transmission lines switched between working and 
standby, the working/standt>y changeover can be per- 
formed in the manner described at>ove without momen- 20 
tary disconnect and loss of cells. 

Thus, the optical path cross-connect device 101 is 
not required to perform switching without momentary 
disconnect but need only estat>lish working and standby 
paths in such a manner that the electrical cross-connect 25 
device 201 can perform switching without momentary 
disconnect. As a result, it Is unnecessary for the optical 
path cross-connect device to have an optical phase 
adjusting function and to perform a high-speed switch- 
ing operation. 30 

(f-2) Operation of second wavelength-divislon-nrujlti- 
plexed optical system 

Fig. 28 Is a diagram for desaibing the operation of 35 
the second wavelength-division-multipleKed optical 
transmission system. Elements the same as those 
shown in Fig. 27 are designated by like reference char- 
acters. The wavelength-division multiplexing optical 
transmission systenr^ 100. 200 each have the type A 40 
(Fig. 17) architecture of the WP scheme as the optical 
path cross-connect device OPXC and the transmission 
type S-4 and reception type R-1 as the electrical cross- 
connect device EXC. 

Operation is the same as that described in connec- 45 
tion with Rg. 27 except for the fact that electric signals 
distributed by the distributing circuits 306a, 306b of the 
electrical aoss-connect device 201 are transmitted 
upon being converted to optical signals of prescribed 
wavelengths by the variable-wavelength electro-optic so 
converters (E/O converters) 307ai* - 30732*. 307bi* - 
307b2\ 

(f-3) Operation of third wavelength-division-multiplexed 
optical system ss 

Fig. 29 is a diagram for desaibing the operation of 
the third wavelength-division-multiplexed optical trans- 
mission system. Elements the same as those shown in 



Rg. 27 are designated by like reference characters. The 
wavelength-division multiplexing optical transmission 
systems 100. 200 each have the type A (Rg. 17) archi- 
tecture of the WP scheme as the optical path cross-con- 
nect device OPXC and the transmission type S-4 arxl 
reception type R-2 as the electrical cross-connect 
device EXC. 

Operation is the same as that described in connec- 
tion with Fig. 27 except that (1) working and standby 
electrk; signals distributed by the distributing circuits 
306a, 306b of the electrical cross-connect device 201 
are transmitted upon being converted to optical signals 
of prescribed wavelengths by the variable-wavelength 
electro-optic converters (E/O converters) 307ai' - 
307a2\ 307bi* - 3071^*. (2) wavelength-division-multi- 
plexed optical signals that enter from the optical path 
cross-connect device 101 via the standby interface links 
122b are branched by the brancher 309b, and (3) the 
variat>le-wavelength filters 310bt - 31 Ob^ extract optical 
signals of prescribed wavelengths A.^ - from the 
wavelength-division-multiplexed optical signals 
branched from the brancher 309b and enter these opti- 
cal signals into the opto-electric converters 303bi - 
303b2. 

(f-4) Operation of fourth wavelength-division-multi- 
plexed optical system 

Rg. 30 is a diagram for describing the operation of 
the fourth wavelength-division-multiplexed optical trans- 
mission system. Elements the same as those shown in 
Rg. 27 are designated by like reference characters. The 
wavelength-division nnultiplexing optfoal transmission 
systems 100, 200 each have the type B (Rg. 18) archi- 
tecture of the VWP scheme as the optfoal path cross- 
connect device OPXC and the transmission type S-3 
and reception type R-1 as the electrical cross-connect 
device EXC. 

This system differs from the first wavelength-divl- 
sion-multiplexed optical transmission system of Fig. 27 
in that the optical path cross-connect device 101 is 
divided into the working optical path cross-connect 
device 101a arKi the standby optfoal path cross-connect 
device 101b. The optical path cross-connect device 101 
routes wavelength-dlvision-multiplaxBd optical signals 
that have entered from the working optical transmission 
lines 130 to the working optical transmission lines 150 
or working interface links 122a wavelength by wave- 
length. Similarly, the standby optical path cross-connect 
device 101 routes wavelength-division-multiplexed opti- 
cal signals that have entered from the standby optfoal 
transmission lines 140 to the starKiby optical transmis- 
sion lines-160 or standby interface links 122b wave- 
length by wavdength. Further, the optical path cross- 
connect device 101 routes wavelength-division-mutti- 
plexed optkal signals that have entered from the work- 
ing interface links 121a to the working optical 
transmission lines 150 by the optical switch 101a and 
routes wavelength-division-multiplexed optk:al signals 
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that have entered from the standby interlace links 121b 
to the standby optical transmission lines 160 by the opti- 
cal switch 101b. In other aspects operation is the same 
as that described eibove In connection with Fig. 27. 

(f-5) Operation of fifth wavelength-division-multiplexed 
optical system 

Fig. 31 is a diagram for describing the operation of 
the fifth wavelength-division-multiplexed optical trans- 
mission system. Elements the same as those shown in 
Fig. 28 are designated by like reference characters. The 
wavelength-division multiplexing optical transmission 
systems 100, 200 each have the type B (Fig. 18) archi- 
tecture of the WP scheme as the optical path cross-con- 
nect device OPXC and the transmission type S-4 and 
reception type R-1 as the electrical cross-connect 
device EXC. 

This system differs from the second wavelength- 
division-multiplexed optical transmission system of Fig. 
28 in that the optical path cross-connect device 101 Is 
divided into the working optical path cross-connect 
device 101a and the standby optical path cross-connect 
device 101b. The optical path cross-connect device 101 
routes wavelength-diviston-muHlplexed optical signals 
that have entered from the working optical transmission 
lines 130 to the working optical transmission lines 150 
or working interface links 122a wavelength by wave- 
length. Similarly, the standby optical path cross-connect 
device 101 routes waveiength-division-multiplexed opti- 
cal signals that have entered from the standby optical 
transmission lines 140 to the standby optical transmis- 
sion lines 160 or standby interface links 122b wave- 
length by wavelength. Further, the optical path cross- 
connect device 101 routes wavelength-division-multi- 
plexed optical signals that have entered from the work- 
ing Interface links 121a to the working optical 
transmission lines 150 by the optical switch 101a and 
routes wavelength-division-multiplexed optical signals 
that have entered from the standby interface links 121b 
to the standby optical transmission lines 160 by the opti- 
cal switch 101b. In other aspects operation is tiie same 
as that desaibed above in connection witii Fig. 28. 

(f-6) Operation of sixth wavelength-division-multiplexed 
optical system 

Fig. 32 is a diagram for describing the operation of 
the sixth wavelengtii-divlsion-multiplexed optical trans- 
mission system. Elements the same as those shown In 
Fig. 29 are designated by like reference characters. The 
wavelength-division multiplexing optical transmission 
systems 100, 200 each have the type B (Fig. 18) archi- 
tecture of the WP scheme as the optical path cross-con- 
nect device OPXC and the tiransmission type S-4 and 
reception type R-2 as the electrical cross-connect 
device EXC. 

This system differs from the third wavelengtii-divi- 
sion-multiplexed optical transmission system of Fig. 29 



in tiiat the optical path cross-connect device 101 is 
divided into tiie working optical path cross-connect 
device 101a and the standby optical path cross-connect 
device 101b. The optical path cross-connect device 101 

5 routes wavelengtii-division-multiplexed optical signals 
tiiat have entered from the working optical transmission 
lines 130 to the working optical transmission lines 150 
or working interface links 122a wavelength by wave- 
lengtii. Similarly, tiie standby optical patii cross-connect 

10 device 101 routes wavelength-division-multiplexed opti- 
cal signals that have entered from the standby optical 
transmission lines 140 to the standby optical transmis- 
sion lines 160 or standby interface links 122b wave- 
length by wavelength. Further, the optical path cross- 

75 connect device 101 routes wavelength-division-multi- 
plexed optical signals that have entered from the work- 
ing Interface links 121a to tiie working optical 
transmission lines 150 by the optical switch 101a and 
routes wavelength-division-multiplexed optical signals 

20 that have entered from the starKby interface links 121b 
to the standby optical transmission lines 160 by the opti- 
cal switch 101b. In other aspects operation is the same 
as that described above in connection with Fig. 29. 

25 (f-7) Operation of seventh wavelength-division-multi- 
plexed optical system 

Rg. 33 is a diagram for describing the operation of 
the seventh wavelength<fivision-multiplexed optical 

30 transmission system. Elements the same as those 
shown in Fig. 27 are designated by like reference char- 
acters. The wavelength-division multiplexing optical 
transmission systems 100, 200 each have tiie type C 
(Fig. 1 9) architecture of the VWP scheme as the optical 

35 path cross-connect device OPXC and the transmission 
type S-1 and reception type R-1 as the electrical cross- 
connect device EXC. 

The optical path cross-connect device 101 (1) 
routes wavelength-division-multiplexed optical signals 

40 that have entered from the working optical transmission 
lines 130 to the working optical transmission lines 150 
or working interface links 122a wavelength by wave- 
lengtii. (2) routes wavelengtii-divislon-multiplexed opti- 
cal signals that have entered from the standby optical 

45 transmission lines 140 to the standby optical transmis- 
sion lines 160 or standby interface links 122b wave- 
lengtii by wavelength. (3) routes wavelength-division- 
multiplexed optical signals that have entered from the 
working Interface links 121 a to the working optical trans- 

50 mission lines 150 wavelength by wavelength, and (4) 
routes wavelength-division-multiplexed optical signals 
that have entered from the standby interface links 121b, 
upon being separated by the opticed distributors or opti- 
cal distributing switches 125, to tiie standby optical 

55 transmission lines 160 wavelength by wavelength. The 
optical path cross-connect device 101 executes wave- 
length conversion as necessary. The elecfrlcal cross- 
connect device 201 switches the working and standby 
fransmisslon lines by tiie selectors 304a. 304b witiiout 
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momentary disconnect. 

By way of example, in a case where optical signals 
are transmitted from the electrical cross-connect device 
(EXC1) of the first optical transmission system 100 to 
the electrical cross-connect device (EXC2) of the sec- s 
ond optical transmission system 200. the electrical 
cross-connect device (EXC1) sends the wavelength- 
division-multiplexed optical signals to the interface link 
121a, and the optical distrikxjtors 125 branch the wave- 
length-division-multiplexed optical signals to the work- io 
ing arxd standby systems and sends them to the working 
and standby interface links 121a. 121b. 

The optical path cross-connect device OPXC1 
routes the wavelength-division-mult'plexed optk;al sig- 
nals, which have entered from the working interface is 
links 121a, to the working optical transmission lines 131 
wavelength by wav^ength and routes the wavelength- 
division-multiplexed optical signals, which have entered 
from the standby interface links 121b, to the standby 
optical transmission lines 132 wavelength by wave- 20 
laigth. The optical path cross-connect device OPXC2 
of the second optical transmission system 200 routes 
the wavelength-division-multiplexed optical signals, 
which have entered from the working optical transmis- 
sion lines 131 . to the working interface links 122a wave- 25 
length by wavelength and routes the wavelength- 
division-multiplexed optical signals, which have entered 
from the standby optical transmission lines 132. to the 
standby interlace links 122b wavelength by wavelength, 
thereby entering these optical signals into the electrical 30 
cross-connect device EXC2. The selectors 304a, 304b 
of the electrical cross-connect device EXC2 select the 
wavelength-division-multiplexed signals that have 
entered from the working interface links 122a and route 
the signals to the desired outgoing line by way of the 3s 
ATM switch (not shown). 

If signals flowing through the working optical trans- 
mission lines 131 are switched to signals in the standby 
system and signals flowing through the standby optical 
transmission lines 132 are switched to signals in the 40 
working system under these conditions, then, on the 
basis of the switching command, the selectors 304a, 
304b of the electrical cross-connect devk^e EXC2 of the 
second optical transmission system 200 select the 
wavelength-division-multiplexed signals that have 4s 
entered from the standby interface links 122b and route 
these signals to a desired outgoing line by way of the 
ATM switch. In this case, a phase adjustment is carried 
out in the phase adjusting buffers 303ai - 303a2. 303bi 
- 303b^ in such a manner that the signal phases in the so 
working and standby systems coincide at all times. As a 
result, it is possible to switch between the working and 
standby systems without momentary disconnect and 
without loss of ceils. 



the eighth wavelength-division-muttiptexed optical 
transmission system. Elements the same as those 
shown in Fig. 33 are designated by like reference char- 
acters. The wavelength-division multiplexing optical 
transmission systems 100, 200 each have the type C 
(Fig. 19) architecture of the WP scheme as the optk:al 
path aoss-connect device OPXC and the transmission 
type S-2 and reception type R-1 as the electrical cross- 
connect device EXC. 

Operation is the same as that descrit>ed in connec- 
tion with Fig. 33 except for the fact that electric signals 
outputted by the ATM switch (not shown) of the electri- 
cal cross-connect device 201 are converted to optical 
signals of prescribed wavelengths by the variable-wave- 
length electro-optic converters (E/O converters) 307ai' 
- 307a2' and the optical signals are then multiplexed by 
the multiplexers 308a and sent to the interface links 
121a. 

(f-9) Operation of ninth wavelength-division-multiplexed 
optical system 

Fig. 35 is a diagram for describing the operation of 
the ninth wavelength-division-multiplexed optical trans- 
mission system. Elements the same as those shown in 
Fig. 33 are designated by like reference characters. The 
wavelength-division multiplexing optical transmission 
systems 100, 200 each have the type D (Fig. 20) archi- 
tecture of the VWP scheme as the optical path cross- 
connect device OPXC and the transmission type S-1 
and rec^ion type R-1 as the electrical cross-connect 
device EXC. 

The system of Fig. 35 differs from that of Fig. 33 in 
that the optical path cross-connect device 1 0 1 is divided 
into the working optical path cross-connect device 101a 
and the standby optical path cross-connect device 
101b. The optical path cross-connect device 101 routes 
wavelengtii-division-muKiplexed optical signals that 
have entered from the working optical transmission 
lines 130 to the working optical transmission lines 150 
or working interface links 122a wavelength by wave- 
lengtii. Similarly, the standby optical path cross-connect 
device 101 routes wavelength-division-multiplexed opti- 
cal signals that have entered from the standby optical 
transmission lines 140 to ttie standby optical transmis- 
sion lines 160 or standby interface links 122b wave- 
length by wavelength. Further, the optical patii cross- 
connect device 101 routes wavelengtii<livision-multi- 
ptexed optical signals that have entered from the work- 
ing interface links 121a to tiie working optical 
transmission lines 150 by the optk:al switch 101a £ind 
routes wavelength-division-multiplexed optk;al signals 
that have entered from the standby interface links 121b 
to the standby optical transmission lines 160 by the opti- 
cal switch 101b. In other aspects operation is the same 
as that described above in connection with Fig. 33. 



55 

(f-8) Operation of eighth wavelength-division-multi- 
plexed optical system 

Fig. 34 is a diagram for describing the operation of 
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(MO) Operation of tenth wavelength<livision-multi- 
plexed optical system 

Fig. 36 is a diagram for desaibing the operation of 
the tenth wavelength-division-multiplexed optical trans- 5 
mission system. Elements the same as those shown in 
Fig. 34 are designated by like reference characters. The 
wavelength-division multiplexing optical transmission 
systems 100. 200 each have the type D (Fig. 20) archi- 
tecture of the WP scheme as the optical path crossKX)n- io 
nect device OPXC and the transmission type S-2 and 
reception type R-1 as the electrical cross-connect 
device EXC. 

The system of Fig. 36 differs from that of Fig. 34 in 
that the optical path cross-connect device 1 01 is divided is 
into the working optical path cross-connect device 101a 
and the standby optical path cross-connect device 
101 b. The optical path cross-connect device 101 routes 
wavelength-division-multiplexed optical signals that 
have entered from the working optical transmission 20 
lines 130 to the working optical transmission lines 150 
or working interface links 122a wavelength by wave- 
length. Similarly, the standby optical path cross-connect 
device 101 routes wavelength-division-multiplexed opti- 
cal signals that have entered from the standby optical 25 
transmission lines 140 to the standby optical transmis- 
sion lines 160 or standby interface links 122b wave- 
length by wavelength. Further, the optical path cross- 
connect device 101 routes wavelength-division-multi- 
plexed optical signals that have entered from the work- 30 
ing interface links 121a to the working optical 
transmission lines 150 by the optical switch 101a and 
routes wavelength-division-multiplexed optical signals 
that have entered from the standby interface links 121b 
to the standby optical transmission lines 1 60 by the opti- 35 
cal switch 101b. In other aspects operation is the same 
as that desaibed above in connection with Fig. 34. 

(f-11) Operation of 11th wavelength-division-multi- 
plexed optical system 40 

Fig. 37 is a diagram for desaibing the operation of 
the 11th wavelength-division-multiplexed optical trans- 
mission system. Elements the same as those shown in 
Fig. 27 are designated by like reference characters. The 45 
wavelength-division multiplexing optical transmission 
systems 100, 200 each have the type E (Fig. 21) archi- 
tecture of the VWP scheme as the optical path cross- 
connect device OPXC and the transmission type S-1 
and reception type R-1 as the electrical cross-connect 60 
device EXC. 

The optical path cross-connect device 101 (1) 
routes wavelength-division-multiplexed optical signals 
that have entered from the working optical transmission 
lines 130 to the working optical transmission lines 150 ss 
or working interface links 122a wavelength by wave- 
length, (2) routes wavelength-division-multiplexed opti- 
cal signals that have entered from the standby optical 
transmission lines 140 to the standby optical transmis- 



sion lines 160 or standby interface links 12^ wave- 
length by wavelength, (3) routes wavelength-division- 
multiplexed optical signals that have entered from the 
working interface links 1 21 a to the working optical trans- 
mission lines 150 and standby optical transmissi n lines 
160 wavelength by wavelength by the distribution func- 
tion. The optical path cross-connect device 101 exe- 
cutes wavelength conversion as necessary. On the 
basis of the switching command, the electrical cross- 
connect device 201 switches the working and standby 
transmission lines by the selectors 304a. 304b without 
momentary disconnect. 

For example, in a case where optical signals are 
transmitted from the electrical cross-connect device 
(EXCI) of the first optical transmission system 100 to 
the electrical cross-connect device (EXC2) of the sec- 
ond optical transmission system 200, the ^ectrlcal 
cross-connect device (EXCI) sends the wav^ength- 
division-muttiplexed optical signals to the Interface link 
121a. By way of the distribution function, the optical 
path cross-connect device OPXC1 routes the wave- 
length-division-multiplexed optical signals, which have 
entered from the working interface links 121a, to the 
working optical transmission lines 131 and standby opti- 
cal transmission lines 132 wavelength by wavelength. 
The optical path cross-connect device OPXC2 of tiie 
second optical transmission system 200 routes tiie 
wavelengtii-divlsion-multiplexed optical signals, which 
have entered from the working optical transmission 
lines 131. to the working interface links 122a wave- 
length by wavelength and routes the wavelength-divi- 
sion-multiplexed optical signals, which have entered 
from tiie standby optical transmission lines 132. to the 
standby internee links 122b wavelength by wavdength. 
Ihereby entering these optical signals into the electrical 
cross-connect device EXC2. The electrical cross-con- 
nect device EXC2 selects the wavelength-division-mul- 
tiplexed signals that have entered from the working 
interface links 122a arxi routes tiie signals to tiie 
desired outgoing line by way of the ATM switch (not 
shown). 

If signals flowing through the working optical trans- 
mission lines 131 are switched to signals in the standby 
system and signals flowing through the standby optical 
transmission lines 132 are switched to signals in tiie 
working system under these conditions, then, on tiie 
basis of tiie switching command, tiie selectors 304a, 
304b of tiie electrical cross-connect device EXC2 of tiie 
second optical transmission system 200 select the 
wavelength-division-multiplexed signals that have 
entered from the standby interface links 122b and route 
these signals to a desired outgoing line by way of tiie 
ATM switch. In this case, a phase adjustment is carried 
out In the phase adjusting buffers 303ai - 303a2. 303bi 
- 303b2 in such a manner that the signal phases in tiie 
working and standby systems coincide at all times. As a 
result, it is possible to switch between the working and 
standby systems without momentary disconnect arKi 
without loss of cells. 
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(M2) Operation of 12th wavelength-division-multi- 
plexed optical system 

Fig. 38 is a diagram for describing the operation of 
the 12th wavelength-division-multiplexed optical trans- s 
mission system. Elements the same as tiiose shown in 
Fig. 37 are designated by like reference characters. The 
wavelength-division multiplexing optical transm^ion 
systems 100. 200 each have the type E (Fig. 21) archi- 
tecture of the WP scheme as the optical path cross-con- io 
nect device OPXC and the transmission type S-2 and 
reception type R-1 as the electrical cross-connect 
device EXC. 

Operation is the same as that described in connec- 
tion with Fig. 38 except for the feet that electric signals is 
outputted by the ATM switch (not shown) of the electri- 
cal cross-connect device 201 are converted to optical 
signals of prescribed wavelengths by the variak)le-wave- 
length electro-optic converters (E/O converters) 307aV 
- 307a2 and the optical signals are then multiplexed by 20 
the multiplexers 308a and sent to the interface links 
121a. 

Uninterrupted switching between working and 
standby systems is described above. However, the 
invention is applicable also to working/^ndby switch- ss 
ing control at the time of maintenance and control for 
switcht^ack from the standby system to the working sys- 
tem after recovery from a transmission line failure. 

(D) Third embodiment 30 

(a) Structure of optical communication system 

The structure for controlling the operation of set- 
ting/changing over a path of the optical path cross-con- 35 
nect device or the electrical cross-connect device is not 
clearly shown in the first and second embodiments. In a 
third embodiment, a structure for controlling the path 
setting operation and the path change-over operation is 
added to the first or second embodiment. 40 

Fig. 39 shows the structure of an optical network 
provided with an operation system for controlling the 
path setting operation and the path change-over opera- 
tion. The same reference numerals are provided for the 
elements which are the same as those shown in Fig. 46. 4s 
In Fig. 39. the reference numeral 50 represents an oper- 
ation system for controlling the path setting operation 
and the path change-over operation of the optical path 
cross-connect devices 51 arni the electrk:al cross-con- 
nect devices 53. Each of the optical path cross-connect so 
devices 51 and the electrical cross-connect devices 63 
sets/changes over a path under instructions from the 
operation system 50 so as to transmit an optical/electri- 
cal signal to a predetermined route. It is also possible to 
transmit a wavelength-division-multiplexed optical sig- ss 
nal through the optical transmission line 52. 



(b) First example of optk^al transmission system 
(b-1) Structure 

Rg. 40 shows the structure of a first example of an 
optical transmission system in the third embodiment. 
TTiis system is provided with a monitor circuit for moni- 
toring the optk^l transmission line to detect trouble and 
a control circuit for controlling a switch/selector. The ref- 
erence numeral 10' represents an optical path cross- 
connect device (OPXC), and 20* an electrical cross^n- 
nect device(EXC). 

This optical transmission system is obtained by pro- 
viding the optical path cross-connect device 10 and the 
electrical cross-connect device 20 which are the same 
as those in the first emkxxJiment (see Fig. 3), with mon- 
itor circuits 71, 81 and control circuits 72. 82. respec- 
tively In other words, the optical path aoss-connect 
device 10* is composed of the optical path cross-con- 
nect device 10 in the first emkxxJiment. the monitor cir- 
cuit 71 and the control circuit 72. while the electrical 
aoss-connect device 20* is composed of the electrical 
cross-connect device 20 in the first embodiment, th 
monitor circuit 81 and the control circuit 82. 

The monitor circuit 71 monitors the working optical 
transmission line 13 and the standby optical transmis- 
sion line 14 to detect trouble, and when trouble is 
detected, it is reported to the control circuit 72. The con- 
trol circuit 72 controls the optical path cross-connect 
device 10 under the path setting/change-over instruc- 
tion from the operation system 50 (Fig. 39) and on the 
basis of the report of the trouble from the monitor circuit 
71. 

The monitor circuit 81 monitors the working inter- 
face link 22a and the standby interface link 22b to detect 
trout>le. and when trouble is detected, it is reported to 
the control circuit 82. The control circuit 82 controls the 
electrical cross-connect device -20 under the path set- 
ting/change-over instruction from the operation system 
50 (Fig. 39) and on the tsasis of the report of the trouble 
from the monitor circuit 81 . 

(b-2) Operation 

In the first and second emtxxJiments. a change- 
over between the standby system and the working sys- 
tems is executed without momentary disconnection in 
the electrical cross-connect device 20 both at the time 
of trouble and at the time of Inspection for maintenance. 
However, when trouble is caused, since signals have 
already been lost, a change-over without momentary 
disconnection is not necessary. Therefore, in the third 
embodiment. (1) when a change-over without nnomen- 
tary disconnection is not necessary, for example, at the 
time of trouk>le. a change-over between the standby-sys- 
tem and the working system is executed in the optk:al 
path cross-connect device 10*. while (2) when a 
change-over without nwmentary disconnection is nec- 
essary, for example, at the time of irtspection for mainte- 
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nance, a change-over between the standby system and 
the working system without momentary disconnection is 
executed in the electrical cross-connect device 20*. 

• Change-over between standby and working systems s 
at the time of trouble 

Figs. 41 A to 41 C explain the change-over operation 
between the working and standby systems at the time of 
trouble in the optical transmission line. The same refer- io 
ence numerals are provided for the elements which are 
the same as those shown in Fig. 40. 

As indicated with the solid lines in Fig. 41 A, signals 
are transmitted from the electrical cross-connect device 
(EXC1) of a first optical transmission system 1 to the is 
electrical cross-connect device (EXC2) of a second 
optical transmission system 2 through the working opti- 
cal transmission line 31 . If trouble is caused in the work- 
ing optical transmission line 31 in this state, the monitor 
circuit 71 (Fig. 40) of tiie (^tcal path cross-connect 20 
device (OPXC2) detects the trouble and r^x>rts it to the 
control circuit 72. When the trouble in the working opti- 
cal transmission line 31 is reported, tiie control circuit 
72 controls the optical switch 10 so as to connect the 
standby optical transmission line 32 to the working inter- 2s 
face link 22a, as shown in Fig. 41 B thereby executing a 
change-over between the working/standby systems. 

Thereafter, signals are transmitted by the route 
shown in Fig. 41 B. When the optical transmission line 
31 is restored to the normal state, the monitor circuit 71 30 
reports it to the conti'ol circuit 72. When the control cir- 
cuit 72 receives the report, it connects the optical trans- 
mission line 31 to tiie standby Interlace link 22b, as 
shown in Fig. 41 C. 

35 

• Change-over between standby and working systems 
at tiie time of inspection for maintenance 

Figs. 42A to 42C explain the change-over operation 
between the standby and working systems at the time of 40 
inspection for maintenance in the optical transmission 
system. The same reference numerals are provided for 
the elements which are the same as those shown in Fig. 
40. 

As indicated with the solid lines in Fig. 42A, signals 45 
are transmitted from the electrical cross-connect device 
(EXC1) of a first optical transmission system 1 to the 
electrical cross-connect device (EXC2) of a second 
optical transmission system 2 through the working opti- 
cal transmission line 31. When inspection for mainte- so 
nance of the optical transmission line 31 is necessary in 
this state, the operation system 50 (Fig. 39) instructs the 
control circuits 72, 82 (Fig. 40) to change over tiie sys- 
tem due to the inspection for maintenance. The control 
circuit 82 of the electrical cross-connect device (EXC2) ss 
then controls the selector 20c so as to execute a 
change-over between the standby system and the work- 
ing system without momentary disconnection, as shown 
in Fig. 42B. The control circuit 72 thereafter cuts the 



connection between the working optical transmission 
line 31 and the working interface link 22a. 

When the inspection for maintenance of the optical 
transmission line 31 is finished, the operation system 50 
reports the end of inspection to the control circuit 72. 
When the control circuit 72 receives the report, it con- 
trols the optical switch 10 so as to connect the optical 
transmission line 31 to the interface link 22a, as shown 
in Fig. 42C. 

(c) Second example of optical transmission system 
(c-1) Structure 

Rg. 43 shows tiie structure of a second exanrtple of 
an optical transmission system in the third embodiment. 
The reference numeral 10' represents an optical path 
cross-connect device (OPXC). and 20' an ^ectrical 
cross-connect dence (EXC). This optical transmission 
system is obtained by providing the optical path cross- 
connect device 10 and the electrical aoss-connect 
device 20 which are the same as those in the first mod- 
ification (see Fig. 8) of the first emkxxliment with monitor 
circuits 71, 81 and control circuits 72, 82, respectively. 
In other words, the optical path cross-connect device 
10* is composed of tiie optical path cross-connect 
device 10 in the first modification, the monitor circuit 71 
and tiie control circuit 72, while the electi-ical cross-con- 
nect device 20' is composed of the electrical cross-con- 
nect device 20 in the first modification, the monitor 
circuit 81 and the control circuit 82. 

The monitor circuit 71 monitors the working optical 
transmission line 13 arxl the standby optical transmis- 
sion line 14 to detect trouble, and when trouble is 
detected, it Is reported to the control circuit 72. The con- 
t-ol circuit 72 controls the optical switches 10A, 10B 
under the path setting/change-over instruction from the 
operation system 50 (Fig. 39) and on the basis of the 
report of the trouble from the monitor circuit 71 . 

The monitor circuit 81 monitors the working inter- 
iace link 22a arKi the standby interface link 22b to detect 
trouble, and when trouk^le is detected, it is reported to 
tiie control circuit 82. The control circuit 82 controls tiie 
electrical cross-connect device 20 under the path set- 
ting/change-over instruction from the operation system 
50 (Fig. 39) and on the basis of the report of the trouble 
from the monitor circuit 81 . 

(c-2) Operation 

• Change-over between standby and working systems 
at the time of trouble 

Rgs. 44A to 44C explain tiie change-over operation 
between the working and standby systems at the time of 
trouble in the optical transmission line. The same refer- 
ence numerals are provided for the elements which are 
tiie same as those shown in Fig. 43. 

As indicated with tiie solid lines in Fig. 44A. signals 



24 

<EP 0802697A2„I_> 



47 



EP0802 697A2 



48 



are transmitted from the electrical cross-connect device 
<EXC1) of a first optical transmission system 1 to the 
electrical cross-connect device (EXC2) of a second 
optical transmission system 2 through the working opti- 
cal transmission line 31 . If trouble is caused in the work- 5 
ing optical transmission line 31 in this state, the monitor 
circuit 71 (Fig. 43) of the optical path cross-connect 
device (0PXC2) detects the trout>le and reports it to the 
control circuit 72. 

The control circuit 72 controls the optical switch 
1 0A so as to cut the connection between the optical 
transmission line 31 and the working interface link 22ap 
as shown in Rg. 44B. The control circuit 72 also reports 
the trouble in the working optical transmission line 31 to 
the operation system 50. When the operation system 50 
receives the report, it instructs the control circuit 82 (Fig. 
43) of the electrical cross-connect device (EXC2) to 
change over the system. Under the instruction, the con- 
trol circuit 82 controls the selector 20c so as to execute 
a change-over between the working system and the 
standby system. 

Thereafter, signals are transmitted by the route 
shown in Fig. 44B. When the optical transmission line 
31 is restored to the nomial state, the monitor circuit 71 
reports it to the control circuit 72. When the control cir- 
cuit 72 receives the report, it controls the optical switch 
1 0A so as to connect the optical t^nsmission line 31 to 
the working interface link 22a, as shown in Fig. 44C. 

• Change-over between standby and working systems 
at the time of inspection for maintenance 

Figs. 45A to 45C explain the change-over operation 
between the working arKi starxlby systems at the time of 
inspection for maintenance in the optical transmission 
system. The same reference numerals are provided for 
the elements which are the same as those shown in Fig. 
43. 

As indicated with the solid lines in Fig. 45A, signals 
are transmitted from the electrical cross-connect device 
(EXC1) of a first optical transmission system 1 to the 
electrical cross-connect device (EXC2) of a second 
optical transmission system 2 through tiie working opti- 
cal transmission line 31. When inspection for mainte- 
nance of the optical transmission line 31 is necessary in 
this state, the operation system 50 (Fig. 39) instructs the 
control circuits 72. 82 (Rg. 43) to change over the sys- 
tem due to the inspection for maintenance. The control 
circuit 82 of the electrical cross-connect device (EX02) 
then controls the selector 20c so as to execute a 
change-over between the standby system and the work- 
ing system without momentary disconnection, as shown 
in Rg. 45B. The control circuit 72 thereafter controls the 
optical switch 1 0A so as to cut the connection between 
the working optical transmission line 31 arxl the working 
internee link 22a. 

When the inspection for maintenance of the optical 
transmission line 31 is f inched, the operation system 50 
reports the erxi of inspection to the control circuit 72. 



When the control circuit 72 receives the report, it con- 
trols the optical switch 1 0A so as to connect the optical 
transmission line 31 to the interface link 22a. as shown 
In Fig. 45C. 

(d) Modifications 

In the optical transmission systems descrit>ed 
above, monitor circuits and control circuits are added to 
the transmission system (Fig. 3) in the first en^Dodiment 
and the transmission system (Fig. 8) in the first modifi- 
cation of the first embodiment, respectively. It is also 
possible to control the path setting operation and the 
path change-over operation at the time of trou- 
ble/inspection by adding monitor circuits and control cir- 
cuits to the optical transmission systems in the other 
modifications (see Rgs. 10. 13 and 15) of the first 
emkxxjiment in a similar way. 

In addition, it is also possit^e to control the path set- 
ting operation and the path change-over operation at 
the time of trouble/inspection by adding nionitor circuits 
and control circuits to each of the optical transmission 
systems (Figs. 1 7 to 21) in the second embodiment in a 
similar way. When an optical signal is a wavelength-divi- 
sion-multiplexed optical signal, it is necessary to provide 
monitor circuits corresponding in nunr^er to the number 
of multiplexed wavelengths. 

In accordance with the present invention, an optical 
path cross-connect device and an electrical cross-con- 
nect device are connected by a plurality of input/output 
interlace links in working and standby systems, optical 
signals of respective working and standby systems are 
entered from the optical path cross-connect device to 
the electrical cross-connect device via output interface 
links of the working and standby systems, and switching 
of working arKi standby transmission lines without 
momentary disconnect is performed by the electrical 
aoss-connect device. As a result, optical transmission 
lines can be switched by electrical processing without 
causing momentary disconnect. Moreover, the optical 
path cross-connect device need only establish working 
and standby paths in such a manner that switching with- 
out momentary disconnect can be earned out. As a 
result. It is unnecessary for the optical path cross-con- 
nect device to have an optical phase adjusting function 
and to perform a high-speed switching operation. 

In accordance with the present invention, tiie opti- 
cal path cross-connect device is constituted by an opti- 
cal space switch and the optical space switch is divided 
into working and standby systenrs. As a result, the 
number of switch elements in the optical path cross- 
connect device can be reduced. 

In accordance with the invention, an anangement 
may be adopted in which, rather than the optical signals 
being distributed to the working and stancby systems 
via the electrical cross-connect device, the interface 
links ara provided with optical distributors or optical dis- 
tribution switches whereby optical signals are distrib- 
uted to the working and standby interface links. This 
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makes it possible to simplify the architecture of the elec- 
trical cross-connect device. 

In accordance with the invention, an arrangement 
may be adopted in which, rather than the optical signals 
being distributed to the working and standby systems 5 
via the electrical cross-connect device, the optical path 
cross-connect device is constructed by an optical space 
switch having a distribution function so that optical sig- 
nals which have entered from the electrical cross-con- 
nect device may be routed to the working artd standby io 
optical transmission lines simultaneously by means of 
the distributing function of this optical space switch. This 
makes it possible to reduce the number of interface links 
between the electrical cross-connect device and the 
optical path cross-connect device. is 

In accordance with the present invention, interface 
links between the electrical cross-connect device and 
optical path cross-connect device are interconnected 
using working and standby systems even in a case 
where optical signals are subjected to wavelengtii-divi- 20 
sion multiplexing. As a result, optical transmission lines 
can be switched by electrical processing without caus- 
ing momentary disconnect, and the optical path cross- 
connect device need not have an optical phase adjust- 
ing function and need not perform a high-speed switch- 2s 
ing operation. This makes a major contribution to an 
improvement in the performance of a wavelength-divi- 
sion-multiplexed optical transmission system that uses 
this optical path cross-connect device. 

As many apparentiy widely different embodiments 30 
of the present invention can be made witiiout departing 
from the spirit and scope thereof, it is to be understood 
that the invention is not limited to the specific embodi- 
ments thereof except as defined in the appended 
claims. 35 

Claims 

1. An optical transmission system comprising: 

40 

an optical path cross-connect device, and 
an electrical cross-connect device; 
said optical path cross-connect device and said 
electi-ical cross-connect device being con- 
nected by a plurality of working interface links 45 
for input/output and a plurality of standby inter- 
face links for input/output: 
optical signals in the working and standby sys- 
tems being entered from said optical path 
cross-connect device into said electrical cross- so 
connect device via a working output interface 
link and a standby output interface link, respec- 
tively, and uninterrupted switching of working 
and standby transmission lines being per- 
formed by said electrical cross-connect device, ss 

2. The system according to claim 1 , wherein said elec- 
trical cross-connect device has: 



an opto-electric converter for converting an 
optical signal in the working system and an 
optical signal in the standby system that enter 
via the working arKi standby output interface 
links to respective elecb-ic signals; 
a phase adjuster for performing a phase adjust- 
ment electrically in such a manner that signal 
phases of the working and standby systems 
will coincide; and 

switching means for selecting one of a phase- 
adjusted signal in the working system and a 
phase-adjusted signal in the standby system 
and switching between the working system and 
the standby system. 

3. The system according to claim 1 , wherein said opti- 
cal cross-connect device has an optical space 
switch and acoomnrrodates a plurality of working 
optical transmission lines for input/output, a plurality 
of standby optical transmission lines for input/out- 
put, a plurality of working interface linte for 
input/output provkied between said optical path 
cross-connect device and said electrical cross-con- 
nect device, and a plurality of standby interface 
links for input/output provided between said optical 
path aoss-connect device and said electrical 
cross-connect device; 

said optical path cross-connect device routing 
an optical signal that has entered from a work- 
ing input optical transmission line to a working 
output optical transmission line or a working 
output interface linK routing an optical signal 
that has entered from a standby input optical 
transmission line to a standby output optical 
transmission line or a standby output interface 
link, routing an optical signal that has entered 
from the working input interface link to the 
working output optical transmission line, and 
routing an optical signal that has entered from 
the standby input interface link to the staridby 
output optical transmission line. 

4. The system according to claim 4. wherein the opti- 
cal space switch constructing said optical path 
cross-connect device is divided into a working sys- 
tem and a standby system. 

5. The system according to claim 1 . wherein the out- 
put intefface link of saki electrical aoss-connect 
device is provkied with an optical distributor or an 
optical distribution switch for distributing optical sig- 
nals to the working and standby systems; and 

said optical cross-connect device has an opti- 
cal space switch and accomnrKXIates a plurality 
of working optical transmission lines for 
input/output, a plurality of standby optical trans- 
mission lines for input^output, a plurality of 
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working and standby interface links for outputs 
to said electrical cross-connect device, ard a 
plurality of working and standby interface links 
for inputs connected to the optical distributor or 
optical distribution switch; 5 
said optical path cross-connect device routing 
an optical signal that has entered from a work- 
ing input optical transmission line to a working 
output optical transmission line or a working 
output interface link, routing an optical signal 10 
that has entered from a standby input optical 
transmission line to a standby output optical 
transmission line or a standby output interface 
link, routing an optical signal that has entered 
from a working input interface linK which is is 
connected to said optical distributor or said 
optical distrikxjtion switch, to the working output 
optical transmission line, and routing an optical 
signal that has entered from a standby input 
interface linK which Is connected to said optical 20 
distributor or said optical distritnition switch, to 
the standby output optical transmission line. 

6. The system according to claim 5, wherein the opti- 
cal space switch constructing said optical path 25 
cross-connect device is divided into a working sys- 
tem and a starxiby system. 

7. The system according to claim 1 , wherein said opti- 
cal cross-connect device has an optical space 30 
switch and accomnrKXiates a plurality of working 
optical transmission lines for input/output, a plurality 

of standby optical transmission lines for input/out- 
put, a plurality of working interface links for 
input/output provided between said optical path 3S 
cross-connect device and said electrical cross-con- 
nect device, and a plurality of standby interface 
links for output to said electrical cross-connect 
device; 

40 

said optical path cross-connect device routing 
an optical signal that has entered from a work- 
ing input optical transmission line to a working 
output optical transmission line or a working 
output interface link, routing an optical signal 4S 
that has entered from a standby input optical 
transmission line to a standby output optical 
transmission line or a stanc&>y output interface 
link, and routing an optical signal that has 
entered from the working input interface link to so 
the working and steundby output optical trans- 
mission lines. 

8. An optical transmission system comprising: 

ss 

an optical path cross-connect device, and 
an electrical cross-connect device; 
said optical path cross-connect device includ- 
ing: 



a demultiplexer for demultiplexing wave- 
length-division-multiplexed optical signals 
into optical signals of individual wave- 
lengths; 

an optical space switch for switching each 
of the demultiplexed optical signals to a 
prescribed outgoing line or link; and 
a multiplexer for multiplexing optical sig- 
nals directed to the same outgoing line or 
link; 

sakJ optical path cross-connect device accom- 
modating a plurality of working optical trans- 
mission lines for input/output of wavelength- 
division-multiplexed optical signals, a plurality 
of standby optical transmission lines for 
input/output of wavelength<livision-multiplexed 
optical signals, a plurality of working interface 
links for input/output of wavelength-diviston- 
multiplexed optical signals provided between 
said optical path cross-connect device and said 
electrical cross-connect device, and a plurality 
of steuxJby interfece links for input^output of 
wavelength-division-multiplexed optical signals 
provided between said optical path cross-con- 
nect device and said electrical cross-connect 
device: 

said electrical cross-connect device having: 

a plurality of electro-optic converters of 
variable output wavelength provided on a 
transmitting skie of each of working and 
standby systems; 

an optical multiplexer provided on the 
transmitting side of each of the working 
arxJ standby systems for multplexing opti- 
cal signals outputted by each of the elec- 
tro-optic converters and sending the 
multiplexed optical signals to the working 
and standby inpvX interface links; 
demultiplexers provided on a receiving 
skie of each of the working artd standby 
systems for demultiplexing, to optrcal sig- 
nals of individual wavelengths, wave- 
length-division-multiplexed optrcal signals 
that enter from said optical path cross-con- 
nect devrce via the working and standby 
output interface links; 
a plurality of opto-electrtc converters pro- 
vkled on the receiving skie of each of the 
working and standby systems for convert- 
ing each of the optical signals to electric 
signals; arKi ^ _ 

working/starKlby switching means for 
switching optical signals in tiie working and 
standby systems outputted by the opto- 
electric converters in the working and 
stancH3y systems; 
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said optical path cross-connect device 1) rout- 
ing wavelengtli-division-multiplexed optical sig- 
nals that have entered from the working input 
optical transmission line to the working output 
optical transmission line or working output 5 
interface link wavelength by wavelength, 2) 
routing wavelength-division-multiplexed optical 
signals that have entered from the standby 
input optical transmission line to the standby 
output optical transmission line or starKlby out- 10 
put interface link wavelength by wavelength, 3) 
routing wavelength-division-multiplexed optical 
signals that have entered from the working 
input interface link to the working output optical 
transmission line wavelength by wavelength. 15 
and 4) routing wavelength-division-multiplexed 
optical signals that have entered from the 
standby input interface link to the standby out- 
put optical transmission line wavelength by 
wavelength; 20 
said electrical cross-connect de\^ce respond- 
ing to a switching command by performing 
uninterrupted switching of the working and 
standby optical transmission lines. 

25 

9. The system according to claim 8, wherein phase 
adjusters for performing a phase adjustment electri- 
cally in such a manner that signal phases of the 
working and standby systems will coincide are pro- 
vided between said working and standby opto-elec- 30 
trie converters arKi said working/standby switching 
means and said working/standby switching means 
selects either of phase adjusted signals in the work- 
ing system and phase adjusted signals in the 
standby system and switches between the working 35 
system arKi the starxiby system. 

10. The system according to claim 8, wherein said opti- 
cal path cross-connect device is divided into work- 
ing and standby systems. 40 

11. An optical transmission system comprising: 

an optical path cross-connect device, and 
an electrical cross-connect device: 45 
said optical path cross-connect device includ- 
ing: 

a demultiplexer for demultiplexing wave- 
length-division-multiplexed optical signals so 
into optical signals of individual wave- 
lengtiis; 

an optical space switch for switching each 
of tine demultiplexed optical signals to a 
prescribed outgoing line or link; and ss 
a multiplexer for multiplexing optical sig- 
nals directed to tiie same outgoing line or 
link; 



said optical path cross-connect device accom- 
modating a plurality of working optical trans- 
mission lines for input/output of wavelength- 
division-multiplexed optical signals, standby 
optical transmission lines for input/output of 
wavelength-division-multiplexed optical sig- 
nals, a plurality of working interface links for 
input/output of wavelength<livision-multiplexed 
optical signals provided between said optical 
path cross-connect d&Ace and said electrical 
cross-connect device, and a plurality of 
standby internee links for input^output of wave- 
length-division-multiplexed optical signals pro- 
vided between said optical path cross-connect 
device and said electrical cross-connect 
device; 

said electrical cross-connect device having: 

a plurality of electro-optic converters of 
variatste output vravelength provided on tiie 
transmitting side of each of working and 
standby systems; 

an optical multiplexer provkied on tiie 
transmitting skJe of each of the working 
and standby systems for multiplexing opti- 
cal signals outputted by each of the elec- 
tro-optic converters and sending the 
multiplexed optical signals to working and 
standby input interface links; 
a demultiplexer provided on a receiving 
side of the working system for demultiplex- 
ing, to optical signals of individual wave- 
lengths, wavelength-division-multiplexed 
optical signals tiiat ^er from the working 
output interface link; 

a brancher provided on the receiving side 
of the standby system for branching wave- 
length-division-multiplexed optical signals 
that enter from the standby output interface 
link; 

a plurality of variable-wavelength fitters for 
extracting an optical signal of a prescribed 
wavelength from the branched wave- 
l^gth-division-multiplexed optical signals; 
and 

a plurality of working and standby opto- 
electric converters for converting optical 
signals, which are outputted by said 
demultiplexer and said variable-wave- 
length fitters to electric signals; and 
working/standby switching means for 
switching optical signals in the working and 
standby systems outputted by the opto- 
electric converters in the working and 
standby systems; 

said optical path cross-connect device 1) rout- 
ing wavelength-division-multiplexed optical sig- 
nals that have entered from the working Input 
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Optical transmission line to the working output 
optical transmission line or working output 
Intertece link wavelength by wavelength, 2) 
routing wavelength-division-multiplexed optical 
signals thai have entered from the standby s 
input optical transmission line to the standby 
output optical transmission line or standby out- 
put intelace link wavelength by wavelength, 3) 
routing wavelength-division-multiplexed optical 
signals that have entered from the working io 
input interface link to the working output optical 
transmission line wavelength by wavelength, 
and 4) routing wavelength-division-nrujitiplexed 
optical signals that have ^ered from the 
standby Input interface link to the starxiby out- is 
put optical transmission line wavelength by 
wavelength; 

said electrical cross-connect device respond- 
ing to a switching command by performing 
uninterrupted switching of the working and 20 
standby optical transmission lines. 

12. The system according to claim 11. wherein said 
optical path cross-connect device is divided Into 
working and standby systems. 2s 

13. An optical transmission system comprising: 

an optical path cross-connect device, arxJ 
an electrical cross-connect device; 30 
said optical path cross-connect device includ- 
ing: 

a demultiplexer for demultiplexing wave- 
length-division-multiplexed optical signals 35 
into optical signals of individual wave- 
lengths; 

an optical space switch for switching each 
of the demultiplexed optical signals to a 
prescribed outgoing line or link; 40 
a wavelength converter for converting the 
wavelength of a switched optical signal to a 
prescribed wavelength; and 
a multiplexer for multiplexing optical sig- 
nals directed to the same outgoing line or 45 
link; 

said optical path cross-connect device accom- 
nrKxjating a plurality of working optical trans- 
mission lines for input/output of wavelength- so 
dtvision-nuiltiplexed optical signals, a plurality 
of standby optical transmission lines for 
input/output of wavelength-division-multiplexed 
optical signals, a plurality of working interface 
links for input/output of wavelength-division- ss 
multiplexed optical signals provided between 
said optical path cross-connect device and •said 
electrical cross-connect device, and a plurality 
of standby interface links for input/output of 



wavelength-division-multiplexed optical signals 
provided between said optical path cross-con- 
nect device and said electrical cross-connect 
device; 

said electrical cross-connect device having: 

a plurality of electro-optic converters of 
fixed output wavelength provided on a 
transmitting side of each of the working 
and standby systems; 
an optical multiplexer provkled on the 
transmitting side of each of the working 
and standby systems for multiplexing opti- 
cal signals outputted by each of the elec- 
tro-optic converters and sending the 
multiplexed optical signals to the working 
and standby input interface links; 
demultiplexers provided on a receiving 
side of each of the working and standby 
systems for demultiplexing, to optical sig- 
nals of irxjivklual wavelengths, wave- 
length-division-multiplexed optical signals 
that enter from said optical path cross-con- 
nect device via the working and starxiby 
output interface links; 
a plurality of opto-electric converters pro- 
vided on the receiving side of each of the 
working and standby systems for convert- 
ing each of the optical signals to electric 
signals; and 

working/standby switching means for 
switching optk^al signals in the working and 
standby systems outputted by the opto- 
electric converters in the working and 
standby systems; 

said optical path cross-connect device 1) rout- 
ing wavelength-division-multiplexed optical sig- 
nals that have entered from the working input 
optk;al transmission line to the working output 
optrcal transmission line or working output 
interface link wavelength by wavelength, 2) 
routing wavelength-division-multiplexed optical 
signals that have entered from the standby 
input optical transmission line to the standby 
output optical transmission line or standby out- 
put interface link wavelength by wavelength, 3) 
routing wavelength-division-multiplexed optk^al 
signals that have entered from the working 
input interface link to the working output optical 
transmission line wavelength by wavelength, 
and 4) routing wavelength-division-multiplexed 
optical signals-that-have entered from the 
standt>y input interface link to the standby out- 
put optk^al transmission line wavelength by 
wavelength; 

said electrical cross-connect devk:e respond- 
ing to a switching command by performing 
uninterrupted switching of the working and 
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standby optical transmission lines. 

14. The system according to claim 13, wherein phase 
adjusters for performing a phase adjustment electri- 
cally in such a manner that signal phases of the s 
working and standby systems will coincide are pro- 
vided between said working and standby opto-elec- 
tric converters arKt said working/standby switching 
means and said working/standby switching means 
selects either of phase adjusted signals in the work- io 
ing system and phase adjusted signals in the 
standby system and switches between the working 
system and the standby system. 

15. The system according to claim 13, wherein said is 
optical path cross-connect device Is divided into 
working and starKlby systems. 

16. An optical transmission system comprising: 

20 

an optical path cross-connect device, and 
an electrical cross-connect de\^ice: 
said optical path cross-connect device includ- 
ing: 

25 

a demultiplexer for demultiplexing wave- 
length-division-muttiplexed optical signals 
into optical signals of individual v^ve- 
lengths; 

an optical space switch for switching each so 
of the demultiplexed optical signals to a 
prescribed outgoing line or link; and 
a multiplexer for multiplexing optical sig- 
nals directed to the same outgoing line; 

35 

said optical path cross-connect device accom- 
modating a plurality of working optical trans- 
mission lines for input/output of wavelength- 
division-multiplexed optical signals, a plurality 
of standby optical transmission lines for 40 
input/output of wavelength-division-multiplexed 
optical signals, a plurality of working and 
standby interface links for output of wave- 
length-division-multiplexed optical signals pro- 
vided between said optical path cross-connect 4s 
device and said electrical cross-connect 
device, and a plurality of working and standby 
interface links, for input of wavelength-division- 
muttiplexed optical signals, connected to an 
optical distributor or optical distribution switch; so 
said electrical cross-connect device having: 

a plurality of electro-optic converters of 
variable output wavelength provided on the 
optical-signal transmitting side of the work- ss 
ing system; 

an optical multiplexer provided on the opti- 
cal-signal transmitting side of the working 
system for multiplexing optical signals out- 



putted by each of the electro-optic convert- 
ers and sending the multiplexed optical 
signals to said optical distributor or said 
optical distribution switch; 
a demultiplexer provided on the optical-sig- 
nal receiving side for demultiplexing, to 
optical signals of individual wavelengths, 
wavelength-division-multiplexed optical 
signals in the working and standby sys- 
tems that enter from the optical path cross- 
connect device via the working and 
standby output interface links; 
a plurality of opto-electi'ic converters pro- 
vided on the optical-signal receiving side 
for converting each of the optical signals to 
electric signals; and 

working/standby switching means for 
switching optical signals in the working and 
standby systems outputted by the opto- 
electric converters in the working and 
standby systems; 

said optical path cross-connect device 1) rout- 
ing wavelength-division-multiplexed optical sig- 
nals that have entered from the working input 
optical transmission line to the working output 
optical transmission line or working output 
interface link wavelength by wavelength, 2) 
routing wavelength-division-multiplexed optical 
signals that have entered from the standby 
input optical transmission line to the standby 
output optical transmission line or standby out- 
put interface link wavelength by wavelength, 3) 
routing wavelength-division-multiplexed optical 
signals that have entered from the working 
input interface link to the working output optical 
transmission line wavelength by wavelength, 
and 4) routing wavelength-division-multiplexed 
optical signals that have entered from the 
standby input Interface link to tiie standby out- 
put optical transmission line wavelength by 
wavelength; 

said electrical cross-connect device respond- 
ing to a switching command by performing 
uninterrupted switching of the working and 
standby optical transmission lines. 

17. The system according to daim 16, wherein phase 
adjusters for performing a phase adjustment electri- 
cally in such a manner that signal phases of tiie 
working and standby systems will coinckie are pro- 
vided between said working and standby opto-elec- 
f ic converters and said working/standby switching 
means and said working/standby switching means 
selects either of phase adjusted signals in the work- 
ing system and phase adjusted signals in tiie 
standby system and switches between the working 
system and the standby system. 
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18. The system according to claim 16« wherein said 
optical path cross-connect device is divided into 
working and standby systems. 

19. An optical transmission system comprising: s 

an optical path cross-connect device, and 
an electrical cross-connect device; 
said optical path cross-connect device includ- 
ing: 10 

a demultiplexer for demultiplexing wave- 
length-division-multiplexed optical signals 
into optical signals of individual wave- 
lengths: IS 
an optical space switch for switching each 
of the demultiplexed optical signals to a 
prescribed outgoing line or link; 
a wavelength converter for converting the 
wavelength of a switched signal to a pre- 20 
scribed wavelength; and 
a multiplexer for multiplexing optical sig- 
nals directed to the same outgoing line or 
link; 

25 

said optical path cross-connect device accom- 
modating a plurality of working optical trans- 
mission lines for input/output of wavelength- 
division-multiplexed optical signals, a plurality 
of standby optical transmission lines for 30 
input/output of wavelength-division-multiplexed 
optical signals, a plurality of working and 
standby interface links for output of wave- 
lengtii-division-multlplexed optical signals pro- 
vided between said optical path cross-connect 3s 
device and said electrical cross-connect 
device, and a plurality of working and standby 
interface links, for input of wavelength-division- 
muttiplexed optical signals, connected to an 
optical distributor or optical distribution switch; 40 
said electrical cross-connect device having: 

a plurality of electro-optic converters of 
fixed output wavelength provided on the 
optical-signal transmitting side of the work- 45 
ing system; 

an optical multiplexer provided on the opti- 
cal-signal transmitting side of the working 
system for multiplexing optical signals out- 
putted by each of the electro-optic convert- so 
ers and sending the multiplexed optical 
signals to said optical distrikxjtor or said 
optical distribution switch; 
a demultiplexer provided on the optical-sig- 
nal receiving side for demultiplexing, to ss 
optical signals of individual wavelengtiis. 
wavelength-division-multiplexed optical 
signals in the working and standby sys- 
tems that enter from the optical path cross- 



connect device via the working and 
standby output interlace links; 
a plurality of opto-electric converters pro- 
vided on the optical-signal receiving side 
for converting each of the optical signals to 
electric signals; and 

working/standby switching means for 
switching optical signals in the working and 
standby systems oulputted by the opto- 
electric converters in the working and 
standby systems; 

said optical path cross-connect device 1) rout- 
ing wavelength-division-multiplexed optical sig- 
nals that have entered from the working input 
optical transmission line to the working output 
optical transmission line or working output 
interface link wavelength by wavelength, 2) 
routing wavelength-division-multiplexed optical 
signals that have entered from the standby 
input optical transmissfon line to the standby 
output optk^ transmission line or standby out- 
put Interface link wavelength by wavel&igth. 3) 
routing wavelength-division-multiplexed optical 
signals that have entered from the working 
input interface link to the working output optical 
transmission line wavelengtii by wavelength, 
and 4) routing wavelength-division-multiplexed 
optical signals that have entered from the 
standby input interface link to the standby out- 
put optical transmission line wavelength by 
wavelength; 

said electrrcal aoss-connect device respond- 
ing to a switching command by performing 
uninterrupted switching of the working and 
standby optical transmission lines. 

20. The system according to claim 19, wherein phase 
adjusters for performing a phase adjustment electri- 
cally in such a manner that signal phases of the 
working and standby systems will coincide are pro- 
vided between said working arxi standby opto-elec- 
tric converters arxl -said workir^standby switching 
means and said working/starKlby switching means 
selects either of phase adjusted signals in the work- 
ing system and phase adjusted signals in the 
standby system and switches between the working 
system and the standby system. 

21. The system according to daim 19, wherein said 
optical path cross-connect device is divided into 
working and standby systems. 

22. An optical transmission systemcomprtsing: 

an optical path cross-connect device, and 
an electrical cross-connect device; 
said optical path<:ross-connect device includ- 
ing: 
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a demultiplexer for demultiplexing wave- 
length-division-multiplexed optical signals 
into optical signals of individual wave- 
lengths; 

an optical space switch, which has a distri- s 
bution function, for switching each of the 
demultiplexed optical signals to a pre- 
scribed outgoing line or link; and 
a multiplexer for multiplexing optical sig- 
nals directed to the same outgoing line or 10 
link; 

said optical path cross-connect device accom- 
nxxlating a plurality of working optical trans- 
mission lines for input/output of wavelength- is 
division-multiplexed optical signals, a plurality 
of standby optical transmission lines for 
input^output of wavelength-division-multiplexed 
optical signals, a plurality of working and 
standby interface links for output of wave- 20 
length-division-multiplexed optical signals pro- 
vided between said optical path cross-connect 
device and said electrical cross-connect 
device, and a plurality of working interface 
links, for input of wavelength-division-muiti- es 
plexed optical signals provided between said 
optical path cross-connect device and said 
electrical cross-connect device; 
said electrical cross-connect device having: 

30 

a plurality of electro-optic converters of 
variak)le output wavelength provided on the 
optical-signal transmitting side; 
an optical multiplexer provided on tiie opti- 
cal-signal transmitting side for multiplexing 3S 
optical signals outputted by each of the 
electi'o-optic converters and sending the 
multiplexed optical signals to the plurality 
of working input irrterface links; 
a demultiplexer provided on the optical -sig- 40 
nal receiving side for demultiplexing, to 
optical sign£ds of individual wavelengths, 
wavelength-division-muttiplexed optical 
signals in the working and standby sys- 
tems that enter from the optical path cross- 4s 
connect device via tiie working and 
standby output Interface links; 
a plurality of opto-electric converters pro- 
vkied on the optical-signal receiving side 
for converting each of the optical signals to so 
electaric signals; and 

working/standby switching means for 
switching optical signals in the working and 
standby systems outputted by the opto- 
electric converters in the working and ss 
standby systems; 

saUd optical path cross-connect device 1) rout- 
ing wavelength-division-multiplexed optical sig- 



nals that have entered from the working input 
optical transmission line to tiie working output 
optical transmission line or working output 
interface link wavelength by wavelength, 2) 
routing wavelength-division-multiplexed optical 
signals that have entered from the standby 
input optical transmission line to the standby 
output optical transmission line or standby out- 
put interface link wavelength by wavelength, 
and 3) routing wavelength-division-multiplexed 
optical signals that have entered from the work- 
ing input interface link to the working and 
standby output optical transmission lines wave- 
length by wavelength; 

said electrical cross-connect device respond- 
ing to a switching command by performing 
uninterrupted switching of the working and 
standby optical transmission lines. 

23. The system according to daim 22. wherein phase 
adjusters for performing a phase adjustment electri- 
cally in such a manner that signal phases of tiie 
working and standby systems will coincide are pro- 
vided between said working and standby opto-elec- 
tric converters and said working/standby switching 
means and sakJ working/standby sivitching means 
selects either of phase adjusted signals in tiie work- 
ing system and phase adjusted signals in the 
standby system and switches between the working 
system and the standby system. 

24. An optical transmission system conrprising: 

an optical patii aoss-connect device, and 
an electrical cross-connect device; 
said optical path cross-connect device includ- 
ing: 

a demultiplexer for demultiplexing wave- 
length-division-multqslexed optical signals 
into optical signals of individual wave- 
lengths; 

an optical space switch, which has a disb^i- 
bution function, for switching each of the 
demultiplexed optical signals to a pre- 
scribed outgoing line or link; 
a wavelengtii converter for converting the 
wavelength of a switched signal to a pre- 
scribed wavelength; and 
a multiplexer for multiplexing optical sig- 
nals directed to the same outgoing line or 
link; 

said optical path cross-connect device accom- 
modating a plurality of working optical trans- 
mission lines for input^output of wavelength- 
division-multiplexed optical signals, a plurality 
of standby optical transmission lines for 
input/output of wavelengtii-division-niultiplexed 
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Optical signals, a plurality of working and 
standby interface links for output of wave- 
length-division-multiplexed optical signals pro- 
vided between said optical path cross-connect 
device and said electrical cross-connect 5 
device, and a plurality of working interface links 
for input of wavelength-division-multiplexed 
optical signals provided between said optical 
path cross-connect device and said electrical 
cross-connect device: 10 
said electrical cross-connect device having: 



25. Hie system according to daim 24, wherein phase 
adjusters for performing a phase adjustment electri- 
cally in such a manner that signal phases of the 
working and starxiby systOTis will coincide are pro- 
vided between said working and standby opto-elec- 
tric converters and said working/standby switching 
mear^ and said working/standby switching means 
selects either of phase adjusted signals in the work- 
ing system and phase adjusted signals in the 
standby system and switches between the working 
system and the standby system. 



a plurality of electro-optic converters of 
fixed output wavelength provided on the 
optical-signal transmitting side; is 
an optical multiplexer provided on the opti- 
cal-signal transmitting side for multiplexing 
optical signals outputted by each of the 
electro-optic converters and sending the 
multiplexed optteal signals to the plurality 20 
of working input interfece links; 
a demultiplexer provided on the optical-sig- 
nal receiving side for demultiplexing, to 
optical signals of individual wavelengths, 
wavelength-division-multiplexed optical 2s 
signals in the working and standby sys- 
tems that enter from the optical path cross- 
connect device via the working and 
standby input interface links; 
a plurality of opto-electric converters pro* 30 
vided on the optical-signal recaving side 
for converting each of the optical signals to 
electric signals; and 

working/standby switching means for 
switching optical signals in the working and 3S 
standby systems outputted by the opto- 
electric converters in the working and 
standby systems; 

said optical patti cross-connect device 1) rout- 40 
ing wavelength-division-multiplexed optical sig- 
nals that have entered from the working input 
optical ti^ansmisston line to the working output 
optical transmission line or working output 
int^feice link wavelengtii by wavelength. 2) 45 
routing wavelength-division-multiplexed optical 
signals that have entered from the standby 
input optical transmission line to tiie starxjby 
output optical transmission line or standby out- 
put interface link wavelength by wavelength, 60 
and 3) routing wavelength-division-multiplexed 
optical signals that have entered from tiie work- 
ing input interface link to the working and 
standby output optical transmission lines wave- 
lengtti by wavelengtii; ss 
said electrical cross-connect device respond- 
ing to a switching command by performing 
uninterrupted switching of the working and 
standby optical transmission lines. 



26. An optical network system comprising: 

a multiplicity of optical transmission systems 
each including an optical path cross-connect 
device (OPXC) provided with a space optical 
switch and an electrical cross-connect device 

(exc); 

an operation system for controlling path set- 
ting/change operation of said optical path 
cross-connect device and said electrk^al cross- 
connect device in each of sakl optical transmis- 
sion systems; 

working and standby optical transmission lines 
for connecting said optical path cross-connect 
devices; and 

working and standby input/output interfac 
links for connecting said optical path cross- 
connect device and said electrk^al cross-con- 
nect device: 

wherein said optical path CrossConnect 
device includes a nrK)nitor circuit for monitoring 
said working and standby optical transmission 
lines to detect trouble, and a control circuit for 
controlling said space optical switch so as to 
execute a change-over between a working sys- 
tem and a standby system on the basis of tiie 
detection of the trouble in said optical transmis- 
sion line and patii change-over instruction from 
said operation system; and 
said electi-ical CrossConnect device includes 
opto-electrk: converter for converting a working 
optk^al signal input through said working input 
interface link and a standby optical signal input 
through said standby input interface link into 
respective electrical signals, a phase adjuster 
for electrically adjusting tiie phases of working 
and standby signals to the same phase, a 
change-over portion for selecting either of said 
phase-adjusted working signal and said phase- 
adjusted standby signal and executing a 
change-over betweensaid working system and 
said standby system, a switch for switching the 
signal input from said change-over portion, a 
monitor -drcuit for nfx>nitoring said interface 
links so as to detect trouble, and a control cir- 
cuit for controlling said change-over portion so 
as to execute a change-over between said 
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working system and said standby system on 
the basis of the detection of the trouble in s€ud 
optical trar^mission line and path chang -over 
instruction from said operation. 

5 

27. An optical network system according to daim 26, 
wherein said control circuit of said optical path 
cross-connect device controls said space optical 
switch so as to execute a change-over between 
said working system and said standby system io 
when trouble in said working optical transmission 
line is detected. 

28. An optical network system according to daim 26, 
wherein, at the time of change-over without is 
momentary disconnection, said operation system 
instructs said control circuit of said electrical cross- 
connect device to execute a change-over without 
momentary disconnection, and said control drcuit 

of said electrical cross-connect device controls said 20 
change-over portion so as to execute a change- 
over between said working system and said 
standby system without nfK>mentary disconnection. 

29. An optical network system according to daim 26. 25 
wherein saki monitor circuits are provided corre- 
sponding in number to the number of multiplexed 
wavelengths when said optical signal is a wave- 
length-division-multiplexed optical signal. 
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